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FOREWORD

This report presents the results of a comprehensive study to identify candidate advisory, safety,
and hazard situations where motorists would benefit from an Invehicle Safety Advisory and
Warning System (IVSAWS). Functional specifications are also provided in sufficient detail to
describe how these functions could be gradually incorporated into existing and future automotive
vehicles. The IVSAWS, designed for rural, urban, and secondary roads, uses a proposed
communication architecture based on transmitters placed on roadside signs and at roadway hazards
to communicate with approaching vehicles equipped with IVSAWS invehicle radio receivers. This
study will be of interest to transportation planners and engineers involved in motorist advisory and
emergency communication systems.

Sufficient copies of the study are being distributed by the FHWA Bulletin to provide a minimum of
two copies to each FHWA regional and division office, and five copies to each State highway
agency. Direct distribution is being made to division offices.

Lyle Saxton
Director, Office of Safety and Traffic
Operations Research and Development

NOTICE

This document is disseminated under the sponsorship of the Department of Transportation in the
interest of information exchange. The United States Government assumes no liability for the
contents or the use thereof. This report does not constitute a standard, specification, or regulation.

The United States Government does not endorse products or manufacturers. Trade and
manufacturers names appear in this report only because they are considered essential to the object
of the document.
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APPENDIX A:
WORKPLAN FOR THE INVEHICLE SAFETY ADVISORY
AND WARNING SYSTEM (IVSAWYS)

This appendix outlines the initia Invehicle Safety Advisory and Warning System qVSAWS)
workplan that included severd tasks: establishment of the study workplan (task A), definition of a
prioritized list of driver hazards and determination of adequate driver warnings (task B), definition
of the baseline IVSAWS communications subsystem design (task C), selection and procurement of
equipment to demonstrate key features of the baseline IVSAWS communication subsystem design
Ftask D), definition of the baseline Driver Alert Warning System (DAWS) (task E), design and
aorication of DAWS testing of pro?ram equipment (task F), test IVSAWS equipment using a mix
of subjects (task G), development of a system-level specification for the baseline IVSAWS design
(task H), provision of atechnical summary of key results (task 1), preparation and presentation of a
draft technical report (task 1), and preparation and presentation of a final technical report (task K).
Thisinitial 1VSAWS workplan was later revised in accordance with COTR approval to eliminate
tasks D and F, and further limit the remainder of the study to design analysis without any actua
IVSAWS equipment manufacturing/tests.

[FHWA A-l]



Hogaes

Section A - Workplan Overview

The IVSAWS Study Program is a multi-phase study intended to provide the
Government with an assessment of the IV SAWS concept, a baseline design for the
development of operational 1VSAWS hardware, and preliminary testing of most aspects
of the IVSAWS system. These aspects include the RF communications, the in-vehicle
human-machine interface, and the measured responses of a scientifically selected
population of mixed ages to the utility of the hazard aert warnings.

The phases of the IVSAWS study and the key issues or outputs of each phase are
summarized in Table A-1. Interim results from all tasks will be documented in
Engineering Notebooks (ENBs). All ENBs will be forwarded to the FHWA for
information purposes only. Tasks C and E require careful systems engineering effort to
determine the optimum design for the RF communi cations equipment and message
structure (Task C) and the man-machine interface (Task E).

Hughes envisions taking a systems approach to the design of the IVSAWS receiver.
Task B will provide the data base for the selection of hazards and the choice of the
warning messages. UMTRI and Hughes Human factors engineers will work together to
define aprioritized list of hazard scenarios and to synthesize an appropriate
advisory/warning message for each scenario.

In Task C, Hughes communication engineers will define the RF communication link
needed to reliably deliver the message to the IVSAWS receiver. This task will include
analyses of propagation, selection of an appropriate frequency band, the development of a
set of messages for reliable transmission of the data including error detection codes for
identifying error free messages, and an assessment of the interference on the channel
coupled with the need for sophisticated processing including spread spectrum and
excision processing. Emphasis will be placed on the development of a flexible system
which will support the needs of the rural driver but which can also be used in the urban
environment and to support other services such as the intelligent highway programs.

In Task E, Hughes Human Factors engineers will examine the options for alerting the
driver to the hazard, including audio and visual stimuli. This study will incorporate all of
the options being considered in the automotive industry, such as the heads up display,
touch panel displays, entertainment override as well as the constraints including limited
display space, the legal liability issues, the driver’s ability to interpret the message and his
perceptual limitations.

The postulated test program is based on a strawman design using a commercially
available spread spectrum radio, probably in the 902-928 Mhz band and a PC display.
The actual radio selected for the test program will be based on the analysesin Task C.
The radio will be tested for propagation range and data transmission reliability in both co-
channdl interference and in the presence of another IV SAWS transmitter. A live road test
will be conducted with the radio and driver alert warning system installed in a GM-
supplied automobile.

The results of these analyses and tests will be summarized in our final report and
design specification. Because it is anticipated that the design will be appropriate to
multiple systems with a market of millions of units, it is anticipated that sophisticated
semiconductor chip technology will be applied to the design, resulting in alow cost
Application Specific Integrated Circuit (ASIC) based design. The cost of such adesign is
expected to be appropriate for alow cost application.

[FHWA A-2]



Section A - Workplan Overview

Figure A-l shows the task flow envisioned by Hughes. The program schedule
(Section L) presents an accelerated schedule (with respect to the plan laid out in the
contract) which Hughes believes would result in more efficient manpower utilization
without change to the overall level of effort by minimizing work gaps for key personnel.

TABLE A-1.
HIGHLIGHTS AND KEY ISSUES OF THE IVSAWS PROGRAM

Task A Establish a plan for the study and obtain written COTR approval.

Task B Define a prioritized list of hazards together with likely road geometries, terrain,
speed, and other factors. Human factors and traffic engineers must reach a consensus on
the amount and type of information that will provide adequate warning without
distracting or annoying the driver.

Task C Define the basdline IVSAWS Communication Subsystem design. Obtain written
approval of results by COTR. The communications engineers must define a
communications architecture to support general evolutionary services and to support
reliable message transmission with sufficient flexibility to allow processing of inhibit and
multi-mode antenna message overhead. The choice of frequency, bandwidth, and
modulation structure must support an affordable design.

Task D Select and procure readily available, affordable radio and digital modem
equipment to demonstrate key features of the baseline IVSAWS Communication
Subsystem design.

Task E Define the baseline Drive: Alert Warning System (DAWS) which provides the
display/control interface with the driver. Then equipment to announce IV SAWS hazard
alert messages for the test program will be selected. This equipment will implement the
key features of the baseline DAWS. Obtain written approval of the COTR. Human
factors engineers must look at the range of available and projected man-machine interface
technologies to ensure that the architecture will support evolutionary changes. The
display and audio aerts will be tested on a scientifically selected range of volunteer
subjects with ages from 16 to above 65 at both Hughes and GM simulation facilities,

Task F Design and fabricate DAWS test program equipment and install DAWS
Subsystems in test vehicles and vehicle simulator.

Task G Test IVSAWS equipment using a mix of young, middle aged, and over age 65
drivers to determine the utility of the key design features. The test must be designed to
allow aclear validation of the baseline architecture and to support the development plans
for subsequent phases.

Task H Develop a system level specification for the basdline IVSAWS design to support
alater development phase.

Task | Provide a four-page technical summary of the key results in the selected two-
column format.

Task J Prepare and deliver Draft Technical Report for COTR approval.
Task K Prepare and deliver Final Technical Report.
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Section A — WORK OVERVIEW

FIGURE A-1. IVSAWSTASK FLOW. Encircled letters represents connections to
other parts of thetask flow. Subtasksidentified in theworkplan text are identified by an
aphanumeric (e.g. B-1 for Task B, Subtask 1)

FIGURE A-1 (continued). IVSAWSTASK FLOW.
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Section B - Task B Workplan and Applicability of the SHAWSReport
to the Highway Problem

The FHWA Report (FHWA/RD-8 1/124) provides a base from which to develop
candidate situations for the application of IVSAWS. While much of the information
provided in this report is accurate and useful in situation selection, inconsistencies exist
which make examination of other data necessary. Probably the most glaring
inconsistency in the report is the contention that “ Nonintersection accidents of any sort
arerare events’ (page 2-1, emphasis original). An examination of the 1987 CARDfile
data developed by NHTSA from crash reports from Indiana, Maryland, Michigan,
Pennsylvania, Texas, and Washington shows that 46.8% of al crashes are not “driveway
related” or “intersection related.” Perhaps “rare” used in the context of the report meant
rare with respect to vehicle volume or miles traveled. This point is not clear from the
report; however, this anomaly points out the need for further examination of crash data
and careful selection of criteriato be used in IVSAWS situation selection.

Subtask 1: Analvsis and Prioritization Plan Development.

First, the criteria by which crash hazards are to be prioritized will be determined. Itis
necessary to first determine how the crash situations will be ranked to determine what
data elements should be extracted from crash data files, and how cross-tabulations of
crash data should be constructed. This prioritization scheme will be developed by a panel
of traffic data and safety experts from UMTRI, Hughes, and the Michigan Department of
Transportation who will discuss the merits of alternate prioritization schemes. At a
minimum, the prioritization of crash scenarios will require crash severity measures
(including both vehicle damage and occupant injury data), segmentation of the crash
population into logical and workable units (e.g., urban-rural, intersection-nonintersection,
road curvature, road grade, road classification, traffic control device availability and
type), and measure of crash exposure (e.g., vehicle miles traveled and traffic volume).

The prioritization scheme will, in part, be developed based on results from earlier
studies conducted to examine crash scenarios which may prove amenable to 1VSAWS.
In addition to the SHAWS report FHWA/RD-81/124, UMTRI personnel have conducted
studies of crash data to determine 1VHS suitability and needs using NASS, CARDfile,
and crash data from Washington state and Michigan. This experience should facilitate
development of a prioritization scheme that can anticipate data requirements and
availahility, as well as possible 1V SAWS devel opment opportunities and needs.

Subtasks 2 and 3: MIDAS-MALI and CARDfile Data Analyss.

Once a prioritization scheme has been developed, Michigan crash datafiles (i.e.,
MALI--Michigan Accident Location Index and MIDAS--Michigan Dimensional Analysis
Surveillance System) and data from the CARDfile states will be analyzed in detail to
determine candidate situations that may prove to be amenable to 1V SAWS applications.
Analyses will focus on crash scenarios components identified to be important in the
prioritization-model development task described earlier. In addition to identifying
genera groups of crash characteristics which may prove amenable to 1VSAWS solutions,
aset of six to ten specific locations will be identified which have proved to be particularly
hazardous and have remained hazardous despite application of traditional crash reduction
treatments.
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Section B - Task B Workplan: Advisory, Safety, and Hazardous Situation Identification

Subtask 4: Situation Hierarchy Development.

By applying the prioritization model to the data obtained from the MIDAS-MALI and
CARDfile anaysis runs, situations will be ranked in a hierarchical order based on
potential benefits to safety and traffic operations that may be obtained through application
of IVSAWS technologies. Development of several hierarchies may prove to be most
beneficial for identifying situations most promising for IVSAWS application. Depending
on data availability and amenability to analysis, separate hierarchies will be developed
based on total crash count, total vehicle count, crash casualty and vehicle damage
severities, as well as crash and outcome severity rates per vehicle mile traveled and traffic
volume. By developing severa different hierarchies, the tradeoffs between frequency of
occurrence, rate of occurrence, and outcome severities can be assessed directly for usein
selecting the most desirable situations for the application of IVSAWS. The situations
identified will be reviewed by automotive safety and accident engineers and entered into
an Engineering Notebook (ENB).

Subtask 5: Signalling Recommendations.
Based on these hierarchies and the six to ten specific problem sites identified,

suggestions will be made on which warning and regulatory signs should be provided to
drivers in the vehicle. While one obvious strategy is to directly replicate Manual of
Uniform Traffic Control Devices (MUTCD) signing at the roadside, modifications of
these signs may also be desirable to augment the information available at the roadside.
Suggested signing will be based on information needs and problems identified in the
analysis of the crash data.

Subtask 6: Signalling Presentation Human Engineering (HE) Analysis.

Human Engineering analysis will identify how the recommended signalling accessed
and identified in Subtasks 4 and 5 should be presented to the driver. At a minimum, the
analysis will evauate the following:

1) The use of visual displays including icons and/or text and/or color.

2) The use of audio including tones and/or speech synthesis.

3) Driver aert control including driver over-ride and/or message acknowledge and/or
message repeat.
4) The format and length of the message to be presented to the driver,
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Section C - Task C Work Plan and Applicability of the SHAWS Report
to Communications Technology Selection

Based upon the results of Task B, a baseline Communication Subsystem design will
be defmed that will aert drivers to advisory and safety signing, and roadway hazards.
The baseline design and work performed during the subtasks defined below will be inputs
to the development of a functional system specification. Additionally, requirements for
the IVSAWS to support highway/driver information systems will be projected. The
Communications Subsystem design will include all assumptions and design tradeoffs. As
appropriate, the assumptions and tradeoffs will be supported with equations. Results will
be presented in tabular and graphical form. A detailed block diagram of the baseline
design will be provided. The block diagram will include maximum and minimum signal
levels, noise levels, bandwidths, modulation type, path losses and message structure.

Subtask 1: Communication Path Geometry Analysis.
The geometry of communication paths for the four most significant signing and

hazardous roadway situations identified in Task B will be determined. In this context,
“most significant” means those situations with geometries which will make
communication most difficult, such as through dense foliage or over a large obstacle. As
applicable, geometry will be analyzed for transmitters placed on signs, at hazardous sites,
on overpasses, and those operating from school buses and police/emergency/maintenance
vehicles.

The SHAWS report is directly applicable to this subtask. Figure 6- 1 of the report
presents an effective method of evaluating communication path geometry for various
combinations of signing/hazard situations and transmitter deployments. This method, or
avariation thereof, will be used to perform this subtask.

Subtask 2: Driver Alert Distance Analysis.
Communications engineers will review the scenarios evaluated by the University of

Michigan in Task B to determine how the road geometry and worst-case speed of the
automobile determines the minimum coverage range for receiving the alert and the
corresponding minimum time to repeat the message. The Driver Alert Distances will be
evaluated for the four most significant signalling and hazardous roadway Situations
identified in Task B. In this context, “ most significant” means those situations which,
based upon a precursory review by UMTRI personnel, will maximize the required Driver
Alert Distances.

The SHAWS report tabulates preliminary Decision Sight Distances (DSD) required to
perform a corrective-action lane change. The DSD is defined as the period of time
required in order for adriver to detect and recognize a hazard, decide upon hazard
avoidance responsg, initiate the response and perform the maneuver. The report shows
that the necessary distance required to alert adriver to a hazard is the sum of the DSD and
the Advanced Warning Time (AWT). The worst-case Driver Alert Distance will be
evaluated by verifying or correcting assumptions made in the SHAWS report with respect
to driver hazard identification and response times, and determining the worst-case AWT
and avoidance maneuver times.

Subtask 3: Frequency Selection and Transmit Power Analysis.

FCC regulations will be examined in order to identify frequency band options
including factors of available bandwidth and transmit power. Licensing requirements, if
any, will be identified. Within the candidate frequency bands, the use of traditional and
non-traditional modulation techniques will be examined, specifically the use of narrow
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Section C - Task C Workplan

band spread spectrum. Hughes will investigate the following frequency bands for the
IVSAWS application:

510-1705 KHz (leaky cable systems)

26.9-27.4 MHz (Citizen's Band)

45-47 MHz (highway maintenance)

54-72 and 76-88 MHz (excluding 73.0 to 75.4 MHz, perimeter protection systems)
88- 108 MHz (FM single sideband transmissions)

285-3 15 MHz (garage door openers)

806-821 MHz and 851-866 MHz (mobile phones)

825-845 MHz and 870-890 MHz (cellular phones)

902-928 MHz (FCC part 15 spread spectrum band)

The indicated usages are illustrative and are not exhaustive.

In addition, the following bands which are designated for Fixed/Mobile
communications may be appropriate for low power spread spectrum operation:

335.4-399.9 MHz (UHF satellite uplink transmission)
410-430 MHZ
890-902 MHZ

This last band is particularly interesting for a spread spectrum IVSAWSsince it has
enough bandwidth to support a spread bandwidths of 5-10 MHz.

Subtask 4: Transmitter Characterization.

This subtask will determine the frequency, power level, modulation technique, coding
scheme, and antenna configuration for portable, sign mounted, and vehicle mounted
transmitters.

Hughes review of the SHAWS report study indicates that the report is flawed in the
assumption that affordable cost dictates a minimal capability system. Hughes will
support this position by performing a set of tradeoffs to determine how various features
affect the utility and the per unit production cost of the baseline IVSAWS system. The
following tradeoffs will be performed at a minimum:

1) Range - The communication range as a function of road geometry, terrain and
antenna configuration will be evaluated for selected frequency bands,

3) Overhead Content of the Transmitted Waveform - In addition to the actual
data for the alert message, the transmitted message must contain certain overhead
fields. A start of message preamble and a message ID field are necessary. Error
detection coding is necessary to assure that only valid messages are displayed.
The size of this field must be selected. The utility of forward error correction
coding will be assessed. The bit error probability and bit error rate, with and
without error detection and correction, will be provided.

4) Message Garbling - The probability of message garbling due to collision will be

5 Interference - The impact of co-channel interference and impulsive noise on bit
error rate will be assessed and signal processing techniques that enhance channel
utility will be characterized.

6) |mpact of Self-Test/Fault Isolation -The mechanization of self test functions
will be considered to identify when failures have occurred that would degrade the
performance of the IVSAWS hardware. Fault isolation tests to be available in a
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test mode will be considered to aid technicians in isolating faulty 1VSAWS
components.

7) Power Requirements - Transmitter current consumption and input voltage will
be estimated. Battery capacity for transmitters located at fixed, remote sites will
then be evaluated.

The SHAWS sdlection of a six pulse waveform is not well justified, even for avery
limited system. Hughes has the following objections to this design:

The amount of datais very limited
The message structure could readily br generated by a burst of noise, leading to
fase darms

By contrast, more sophisticated waveforms, such as those used in anti-jam
communications, will have strong en-or correction codes to validate the message and
reject almost all false alarms.

Subtask 5: Receiver Characterization.

A low cost, smple-to-operate, and ascetically low-impact receiver will be
characterized. It is likely that a more capable receiver than that described in the
referenced report will be required. The SHAWS receiver design targeted a low-cost
receiver constructed from readily available parts. By contrast, Hughes believes
affordable, multi-function receivers with much greater sophistication can be fabricated
with available semiconductor technology (i.e., using Application Specific Integrated
Circuitsor ASICs) when the market is measured in millions of units. The large volume
of units to be produced makes the non-recurring investment to devel op the semiconductor
masks and processes reasonable. In evaluating a more sophisticated receiver the
following will be analyzed:

1) Application Specific Integrated Circuit Evaluation- The feasibility of
implementing the 1V SAWS RF hardware with Application Specific Integrated
Circuits (ASICs) will be determined.

2) Reliability - The reliability of the IVSAWS hardware will be determined based
on preliminary partitioning of the IVSAWS hardware.

3) Production Cost - The production costs of ASIC chip-based hardware will be
projected based on GM-Delco’ s assessment of ASIC costs.

4) Antenna Configuration- An IVSAWS receiver which uses the vehicle's
existing radio antennais desirable. If this configuration is not possible, other low-
impact options will be evaluated.

Subtask 6: Computer Modelling.

Much of the system parameter analysis will be performed using well known results
from the field. This approach will allow us to narrow the architectural design problem to
the resolution of a few key issues:

. The number of bitsto be transmitted in a message, including overhead for each
message type

. Theburst datarate and transmit duty factor

. The appropriateness of a spread spectrum waveform

. The selection of the frequency band

These issues were discussed in Subtask 3. Only one requires a computer analysis.
Namely, the issue of frequency selection is strongly determined by propagation coverage
in rolling terrain. This analysis has been addressed with the Longley-Rice propagation
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Section C - Task C Workplan

model, which has been standard in the US Army for more than 10 years and has been
carefully validated with experimental data. Hughes has extended the model to include the
effects of foliage attenuation. Figure C-I shows the use of the Longley-Rice Model in a
network management context. The model includes:

. A point-to-point mode, which uses aterrain profile and computes the path loss
based on a series of knife-edge diffraction losses

. An areamode, based on data from the Defense Mapping Agency height dataor a
two dimensional random surface with a specified roughness

The output from this program gives a mean propagation loss and the expected
variance in the propagation loss between any number of specified termina pairs. The
Longley-Rice mode! will be used in establishing the effects of excess propagbation loss as
afunction of frequency. Additional computer analyses and simulation may be used to
optimize waveform parameters as the study progresses and the baseline waveform
parameters are determined.

Subtask 7: Transmitter Directionality Analysis.

Control of the alert coverage areais akey issue. A transmitter |ocated on an overpass
should alert only traffic on the overpass and not the lower road. The coverage should also
be capable of being controlled to aert only vehicles approaching the hazard from one
direction and not the other. The referenced report suggests two methods of limiting the
dissemination of the dert to drivers: (1) control of the radiation pattern and (2) the use of
inhibiting transmitters.

Hughes will assess the use of simple directive antennas such as those used for
television to limit the coverage sector. Beamwidths of the order of 60 degrees are readily
achievable with simple electromagnetic horns, particularly in the 900 MHz band. The use
of adual-mode antenna, as described in the referenced report, is very helpful in
eliminating reception through sidelobes and backlobes, but it does require areceiver
capable of making amplitude comparisons between two parts of atransmission, and a
more complex transmitter. Due to budgetary constraints, the dual-mode architecture will
not be considered.

The use of aflexible message structure and/or free text which alows inhibiting
specific message IDs to limit the coverage, for example, to westbound traffic on an east-
west highway will be investigated. The use of vehicle orientation sensors will be
examined. The use of inhibiting transmitters will also be examined.

Subtask 8: Task C Report
A report summarizing the results of the previous subtasks will be generated.

Requirements for the IV SAWS to support highway/driver information systems will be
projected and included in the document.
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FIGURE C-1. Hughes Network Management Algorithm Development Tools.
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Section D - Task D Workplan

Based upon the results of Task C, appropriate transmitter, receivers, antennas,
coders/decoders, and control processors will be procured and modified as needed in order
to demonstrate key concepts from the communication system design. The transmitter(s)
shall be capable of usein awide variety of situationsincluding fixed and movable
locations. Transmitters shall be battery operated, either from internal batteries or from
the 12-volt automobile battery, ssmple to operate, and have conuols that resist inadvertent
activation. Vandal-resistant hardening of fixed, remote installations shall be considered.

Subtask 1: Communication Equipment Survey and Selection. _
The demonstration communication hardware desi ?n will consist of selecting as much

commercia off-the-shelf (COTS) hardware as possible. Task C requirements will be
reviewed and key communication concepts will be identified. The commercial market
will be examined for candidate communication equipment which can demonsnate these
concepts. The candidates will be evaluated and final selections will be made.

Test vehicles supplied Genera Motors Corporation will be used for evaluating the
|V SAWS concepts developed during this study. Demonsuation testing will be
implemented using acommercially available portable personal computer (PC) for driving
the demonstration hardware and software. Since the demonstration will be viewed as a
concept validation only, no attempt will be made to reduce demonstration hardware cost.

Subtask 2: Communication Equi Fment Procurement.
A technician will be assigned to order and track the procurement of the selected
hardware. Hardware for two transmitters and one receiver will be purchased (including

coder/decoders and control processors). Received hardware will be marked as
government property and tracked accordingly.

Subtask 3: Mechanical Design and Fabrication. _ _ _
Mechanical design for mounting the subject hardware in the vehicle will be

Performed. The recelver and decoding electronics shall be capable of operating over the
ull range environmental and electrical conditions found in the test vehicle for the
duration of the Task G tests. Additional housings and mounts will be designed and
fabricated such that the transmitter assemblies can be fixed to asign or pole, deployed at
roadside, and mounted in a vehicle.

Subtask 4: Software Design and Generation. o -
The principle design task for the [V SAWS communication hardware modification

consists of generating the necessary software for use in the PC. The PC communication
software will include several modules including those for down-loading and storing serial
data from the modem and conuol of the receiver and transmitters.

Subtask 5: Integration and Test .
The equipment procured and modified in Subtasks 2 thru 5 will be bench tested at the

system level in order to isolate and correct major faults. Testing will include;

Measurement of receiver sensitivity (threshold) _ _ _
Measurement of receiver bit error rate with additive Gaussian and impulsive
noise

Observation of receiver response to near-simultaneous transmissions
Transmitter power output

The receiver and one of the transmitters will then beinstalled in test vehicles and
tested for proper installation via the transmission and reception of test messages.
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Section E - Task E Workplan

Subtask 1 Driver-Alert Warning System Design.

The Driver-Alert Warning System represents those components (hardware and
software) resident in a vehicle which are used to convey information concerning advisory,
safety and hazard situations to the driver of the vehicle. One of the main objectives of the
study isto determine the specific components which make up an optimum Driver-Alert
Warning System. Optimization parameters include driver safety, system effectiveness,
maintainability, reliability, recurring and non-recurring cost, size, power, weight,
environmental characteristics, installation complexity, system expansion/growth
capabilities, integration effectiveness with existing vehicle systems, usefulness by normal
drivers, physicaly impaired drivers, and different age grOléps, aswell as acceptance by
the motoring public. Many of these parameters represent diametrically opposed
implementation constraints.

Based on the recommendations from Task B, the selection of the appropriate driver
display will result from joint trade studies conducted by human factors, systems
engineering, electrical engineering, and mechanical engineering personnel. Three
primary candidates include (1) instrument panel tell-tales (symbols), (2) heads-up display,
and (3) touch panel CRT.

Human factors specialists will define DAWS system parameters including display
position, control panel layouts, equipment arrangements, display formats, auditory
adarms/alerts, accessibility, lighting, display legibility, and noise limits.

DAWS system parameters, including maintenance access to I1VSAWS eguipments,
will be reviewed during the development of soft mockups and test bench design of the
equipment, Kapid menu selection, minimum driver entry, standardization of display
segments, standardization of voice and/or tone outputs and easily identified hazard/fault
nomenclature will be investigated.

Subrask 2: Driver-Alert Warning System Mockup Testing. .

Thetesting of a" moc uﬁ’ Driver-Alert Warning System will be predicated on data
derived during Subtask 1. The initial task data contained in Report No. FHWA/RD-81-
124 will be compared to, and updated by, data contained in the study commissioned by
the U.S. Department of Transportation (DOT) and the National Highway Traffic Safety
Administration (NHTSA), Driver Education Task Analysis, Vol. I: Task Description.
Contract No. FH-1 1-7336.

The candidate Driver Alert Warning System will be tested in a static environment in
the Human Factors Laboratory at Ground System Group, Fullerton, California.
Antr}ropomehm analysis and mockups will be used to evaluate the human-machine
interface.

Two specific laboratories will be considered for initial empirical testing of the Driver-
Alert Warning i/stem. Thefist is the Hughes Ground Systems Group (GSG) Human
Factorg/Artificial Intelligence Laboratory, Fullerton, CA. The second Is the General
Motors System Engineering Center (SEC) Human Factors Laboratory, Troy, MI.

The subjects used for empirical testing will be apportioned into age groups
representative of the groups to be used for fina system testing. That Is, young (16 to 35
years of age), middle aged (36 to 65 years of age), and mature (over 65 years of age).
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Section E - Task E Workplan: Driver Alert Warning System Definition

The population will include subjects that range in size from the fifth percentile female to the 95th
percentile male.

Hughes will empiricaly test selected icon/symbols (tell-tales), for
recogni zability/appropriateness, comprehensibility and effectiveness, using monochrome and color
applications. Colors will be selected based on probable hazard levels defined in Report No.
FHWA/RD-81/124. The selected symbolswill be tested individually as well as when paired with
voice messages, tones, and voice. Primary measures of effectiveness will be accuracy/correctness
of response and timeliness of response (response time).

Reach and vision analyses of the drivers in the static mockups will utilize the information
provided in SAE Standards J287, “ Driver Passenger Manuals for General Rules on Arm Reach,”
and SAE Recommended Practice 51052 (1985% “Motor Vehicle Driver and Passenger Head
Position.” The reach and vision analyses will be combined with platform information and the
candidate warni rg system devices to determine optimum locations and sizes of devices within the
driver reach envelope and cone of vision. This information will be used in soft mockup
preparation and testing.

The mockups that will be used in Human Factors Engineering testing will be designed to
simulate the volumetric interior space within the driver compartment of the test vehicle. The
location of the instrument panel, console, steering wheel and other equipment impacting driver
performance will be included as part of the test fixture. The mockup of the Driver-Alert Warning
System will be mounted in locations within the driver compartment that will be identified in the
anthropometric analysis. The mockups will then be used to test the displays and auditory signals
for location, ease of use and driver error.

Candidate visual displays will be tested for optimum location, icon/symbol text selection, font
and font size selection, color of display objects, intensity of display objects, bri?ht/dark
compatibility, frequency rate of warning, ease of perception, duration, advisory/alert categories,
vocabulary (message content), abbreviations, and adherenceto SAW, 1S0 and ANSI standards.
Candidate auditory messages will be tested for optimum location, intensity, tone/voice,
advisory/alert category, and vocabulary. The data (}g_athered in the static mockup testing will assist
in determining superior candidate devices and configurations.

Subtask 3: Task E Report.
The Task E report will be prepared which summarizes the results of the DAWS system design
and evaluation process.
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Section F - Task F Workplan

Based upon the results of Task E, two proof-of-concept Driver Alert Warning
Systems will be assembled which implement the key features of the baseline DAWS
defined in Task E. The systems shall operate from the 12-volt automobile battery.

_ : N
DAWS man-machine intaface electrical design will be performed during this
subtask. The design will include as much commercial off-the-shelf hardware (e.g. PC-

drivable voice synthesizer circuit card) as possible.

A technician will be assigned to order and track the procurement of DAWS
components, display and/or voice synthesizer, and control devices. A locker dedicated to
the storage of 1IVSAWS hardware will be secured.

Subtask 3: Mechanical Design and Fabrication.
Mounts, housings and connectors will be designed and fabricated for the installation
of the subject hardware in the vehicle per human factors directives.

Subtask 4: DAWS Fabrication. _ _ _
DAWS electronics will be assembled and bench tested in order to isolate faults prior
to vehicle installation.

Subtask 5: DAWS Software Design and Generation
Software drivers for the DAWS display/voice synthesizer, user controls, and test
message generation will be written. The software will execute on the same PC that runs

the NSAWS receiver.

Subtask 6: Integration Installation and Test
The egquipment and software fabricated and assembled in Subtasks 3,4 and 5 will be

integrated and bench tested prior to vehicle and simulator installation. The DAWS will
be tested at the system level in order to isolate and correct faults. Testing will be limited
to a power-on test and the reception and display/synthesis of atest message. One DAWS
will then be installed in atest vehicle for the communication concept demonstration test
while the other isinstalled in avehicle simulator for the DAWS concept demonstration
testing.
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Section G - Task G Workplan

~ Testswill be structured and conducted in order to demonstrate the concepts devel oped
in this study.

Subtask 1: Communication System Test Plan Devel opment _
A test plan will be developed that will, at @ minimum, include the following tests:

1) Radio Propagation Test - The limits of reliable line-of-sight reception will be
determined by increasing transmitter and receiver separation until the bit error rate
exceeds a threshold. By knowing the receiver sensitivity, transmitter power (both
measured during Task D) and antenna gains(losses), the impact of rural or urban
background noise on communication range can then be estimated by comparing the
resulting separation to that predicted using a free-space path loss assumption.

2) System Coverage Selectivity Test - The ability of the system to selectively aert
drivers only on specific routes and in a specific direction will be tested with fixed and
mobile transmitters. The transmitter will be placed on an overpass to determine if atest
vehicle travelling on underpass is able to receive warning signals.

3) False Alarm Test - An acceptable false alarm rate will be observed. No false
alarms should occur during execution of the test plan (Subtask 2).

4?1 Scenario Testing - The test plan will include the conduct of four specific scenarios,
which will include various types of hazards, road conditions, environmental, and
geometric situations. “ Difficult” scenario communication path geometrieswill be
selected (e.g. winding road). The test will demonstrate the reliability of the system to be
selective in reporting and devoid of false dlarms. The duration and amount of testing is
based on the criteria of two successful tests of each type plusthe possibility of
rescheduling 25% of the tests because of unexpected difficultiesin their conduct, i.e.,
equipment failure, human error. Measurements of link margin will be made at each
scene.

~5) Test Plan Site Survey - Candidate Sites at which to conduct tests 1 thru 4, above,
will be selected by examining terrain and road maps. Final selection will be made after a
visua examination of the candidates.

Subtask 2: Communication System Demonstration.
The test plan developed during Subtask 1 will be executed.

Subtask 3: Driver Alert Warning Svstem Test Plan.

A test plan will be developed which, when executed, will demonstrate whether the
detailed operations and maintenance of the IV SAWS can be performed effectively,
reliably and safely by awide range of drivers and that hazards are accurately recognized

and safely avoided.

A population of 60 subjects will be used for the test and evaluation phase. Of these
60 subjects, 20 will be young (16 to 35 years of age), 20 will be middle aged (36 to 65
years of age) and the remaining 20 subjects will be mature (over 65 years of age). Ten
subjects from each age category will be male and the other 10 will be female. For all
subjects, personal information relevant to the subjects’ performance and data analysis will
be gathered. This information may include, but is not limited to: name, address, socia
security number, proof of valid driving license, level of education, current and/or former
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Section G - Task G Workplan: System Concept Test and Demonstration

occupation, current working status (working or retired), level of driving experience,
driving record (number of ticketsfor traffic law violations), and type of car driven.
Information on the subjects’ current health will also be gathered. Health information will
include visual acuity determination for both distance and color vision (Corrected distance
vision should be as close to 20/20 as possible.), presence of visual correction (glasses or
contact lenses), auditory perception determination, presence of hearing aid(s), physical
limitations, and drug or acohol consumption.

Several formswill be created to inform the subjects about the testing conditions and
to record the subjects' personal information and performance data. These forms will
include: initial contact letter, letter of consent (to be signed by an adult to allow the
participation of aminor), task instructions, subject information questionnaire, test
conductor form, and post-test questionnaire.

A number of environmental concernswill be addressed through use of the driving
simulator. The driving simulator at the General Motors System Engineering Center,
Troy, Michigan, will be used. Both day and night driving situations will be evaluated.
Three road conditions will be evaluated: wet, dry and icy. The weather conditions that
will be tested are: sunny, fog, rain and snow. The volume of traffic will be varied to test
rﬁonses in heavy, moderate and light traffic conditions. Noise levels will be varied for
both internal noise (radio and engine) and external noise (traffic and wind). Terrains that
will be evaluated include: flat, rolling hills, curved roads, trees present, bare and
buildings present.

The subjects will complete all information and legal forms with the assistance of the
experimenter. Subjects will then be instructed in the use of the displays and controls.
Occupant comfort in the driving simulator will be ensured by adjusting the seat, mirror
and seat belt to fit each subject. The driving course or map of the road to be driven will
be reviewed so that the subjects may gain Familiarity with the test course.

Human Factors personnel will develop four scenarios to be used for both equipment
and driver testing. The scenarios will cover the four most significant scenarios identified
in the analysis of Task B.

Drivers' responses during the test will be recorded. Post-test questionnaires will be
used to obtain drivers' subjective opinions of the warning system. Additional questions
will be asked after each trial to determine each drivers hazard alert comprehension or
degree of confusion. Correct and incorrect driver responses, or correction of errors, will
be tabulated in relation to the scenario depicted driver-alert. These data will be reviewed,
analyzed and compared to response time data.

Subtask 4: Driver Alert Warning System Demonstration.
The test plan developed during Subtask 3 will be executed.
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HUGHES 2

Section H - Task H Workplan

The results from the communication and DAWS subsystem tests will be analyzed in
order to identify deficienciesin the IVSAWS system design. Analysis will include
careful evaluation of the driver responsiveness and communication link reliability.

Subtask 2: Relate [IVSAWS to [VHS

This task will determine how the in-vehicle safety and warning system (IVSAWS)
may be incorporated into an the intelligent vehicle h|ghwax system (IVHS). The
IVSAWS is envisioned to provide both dynamic and fixed hazard information pertinent
to the motorist’simmediate route. This type of information includes wesather, dangerous
intersections, slow moving vehicles, roadside emergency incidents, road repair activity,
traffic alerts, available services, vehicle location, detour, route guidance, and special
events.

TheIVHS s envisioned to provide suitably equipped vehicle with trip aFI anning
ca?abilities, real time route guidance, information upon request, and special services.
Information upon request includes accommodations, restaurants, weather, and special
events. Special services includes reservations and emergency services. These or other
driver information subsytems may require that a transmit function be built into passenger
vehicles, requiring additional anaysis beyond the scope of this contract.

The IVHS infrastructure must support 1V SAWS so that information relevant to the
motorist’simmediate route is available in atimely manner. Similarly, IVSAWS may
need to support the transmissions of vehicle control information such as road geomet
and capacity in order to assist the vehicle for future enhancements such as lane contro
and automatic chauffeuring. The relationship of 1VSAWSto IVHS will be documented
in the IVSAWS functional specification.

: [VSAWS function ification.

This task will specify the functions of the in-vehicle safety and warning system
(IVSAWS) based on the evaluation of the results of the system test and demonstration.
The functional specification will delineate the operational concept, the architectural
design, the subsystem interfaces, the subsystem performance parameters, the subsystem
Phys cal characteristics, cost, fabrication, and system test. These principle specification

eatures are summarized in the following table. The functional specification will address
operational issues, system messages, waveform design, and the RF parameters. The
architectural design of the IVSAWS has three princi(PaI subsystems — the roadside or in-
vehicle transmitter, the in-vehicle receiver, and the driver alert warning system. For each
of these three subsystems, the functional specification will address subsystem functional
requirements, interfaces to the other subsystems, physical requirements, and software /
firmware requirements. The functional specification will include the method for testing
. the system and the method for verifying that the system meets the specified requirements.
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Section H - Task H Workplan: Functional System Specification

ITEMSIN SYSTEM FUNCTIONAL SPECIFICATION

Operational concept
Significant Hazards to be Reported
Operation of the IVSAWS System

Architectural Design
Roadside Transmitter
In-Vehicle Receiver
Waveforms and Message Structure
Driver Alert Warning System

Interfaces
For each Architectural Element
Electrica
Mechanical
1/0O and Controls
Performance
For each Architectural Element
Processin

Software/Firmware
I/0O Signal Definition

Physica Characteristics
For each Architectural Element

Size
Weight
Power
Environment
Reliability
Cost
Fabrication
System Test

Methods for testi n? system _
Verification of performance to requirements
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Section | - Task | Workplan

y
ghes will prepare the four-page technical summary in accordance with the two-
column format snown in Attachment 8 of the NSAWS contract. Recogglm ng that this
document will be used to sell succeeding phases within the Federal Hi
Administration, the Department of Traniortatl on, and possibly to Congr onaI
committees, Hugheswnl use its technic publ|cat|ons activities to ensure that the
technical summary is a professional, concise summary of the effort.
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Section J - Task J Workplan

Subtask 1: Draft Final Rﬁort
The draft final report shall describe the results of Task A through Task H. The
material for the draft final report will be drawn from the Engineering Notebooks which

have been used to document the results of significant analysis, tradeoffs, and testing. The
preparation of the draft final report should be mostly be limited to polishing and editing
the material in the Engineering Notebooks to respond to previously provided su%gestlons
from the Federa Hi ghway Administration or to provide further clarification to the
Federal Highway Administration. Tasks A, C, and E require a thorough set of
documented reports. These interim reports will also be incorporated in the draft final
report. Because the System Functiona Specification is a separate deliverable item, this
specification will not be part of the draft final report.

~ This r%\port_shall be prepared in accordance with the “ Guidelines for Preparing Federal
Highway Administration Publications’ (FHWA-AD-88-001), dated January 1988, so that
any revisions to the draft final report will bein regards to technical content rather than

format.

The Government will review the draft final report and will furnish written comments
within 30 days after receipt.
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Section K - Task K Workplan

The final report shall describe the results of Task A through Task H. This task will
revise the draft final report produced in Task Jto reflect the Federal Highway
Administration review comments. The revision will incorporate suggestions and or
provide further clarification as needed. Because the System Functional Specification is a
separate deliverable item, this specification will not be part of the draft final report.

Thisreport shall be prepared in accordance with the “ Guidelines for Preparing Federal
Highway Administration Publications’ (FHWA-AD-88-001), dated January 1988.

_ The Government will review the final report and will furnish written comments
within 30 days after receipt. These comments will be responded to in order to assure
acceptance of the fina report.
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Section L - Plan A and Plan B Schedules
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SECTION L

In Vehicle Safety and Warning System
Schedule by Task

Task B Schedule

Task C Schedule

Task D Schedule

Task E Schedule

Task F Schedule

Task G Schedule

Task H Schedule
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APPENDIX B:
IVSAWS ENGINEERING CHANGE PROPOSAL 3
(ECP-003) OVERVIEW

This appendix outlines FHWA changesto the baseline IVSAWSworkplan. Overall, these changes
revised the baseline IV SAWSworkplan to expand the system design work and allow for analysis
of several system concepts.
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IVSAWS Engineering Change Proposal 3 (ECP-003) Overview

Introduction

On September 5. 1990 Hughes Aircraft Company was awarded a contract by the Federal
Highway Admi nistration%FHWA) to identify candidate advisory, safety, and hazard
situations for motorists, and provide functional specifications of an In-Vehicle Safety
Advisory and Warning System (IVSAWS) in sufficient detail to permit gradual
incorporation of these functionsinto automotive vehicles.

Asaresult of Task C (Communications Technol ogﬁ Selection), atwo-way spread
spectrum communication link was specified as the basis of the IV SAWS Communication
Subsystem. With this architecture, aranging function was identified for incorporation
into IV SAWS such that the distance from the vehicle to the roadway hazard can be
determined independent of other proposed IVHS Subsystems (e.g., Driver Navigation
Aide). Therational for incorporating ranging is to minimize false driver alerts and
maximize correct driver response to avalid warning by presenting the hazard aert to the
driver at the optimum vehicle-to-hazard separation. The ranging function was identified
as significant but not within the scope of the original contract. However, the spread
spectrum approach does offers a solution that provides simultaneous communication and
ranging support while enabling an integrated hardware implementation.

Near the end of the Task C Communication Architecture selection processit became
clear that FCC or NTIA licensing for the proposed spread spectrum system would be
difficult to obtain. Under direction from the FHWA, an evaluation of aternate
approaches was performed (ECP-002) in order to identify an architecture that could meet
both technical requirements and regulatory restrictions.

The examination of five candidate IV SAWS Communication Subsystem architectures
indicated that alow-cost system cannot be devel oped which also eliminates false alarms.
Also, based on IVHS comments response to several conference presentations, sufficient
interest existsto justify the development of afull system description(s), rather than a
single demonstration prototype. Thus, in conjunction with the FHWA 1VSAWS Future
Direction Memo, Hughes recommends that Task B (Advisory, Safety, and Hazardous
Situation |dentification) and Task C (Communications Technology Selection) be.
expanded to re-examine the highway problem with respect to IVSAWS and identify
alternate system concepts such that architectures with varying levels of functionality and
cost can be defined. Candidate system approaches include the following:

Narrowband communication with GPSranging
Wideband communication with two-way ranging
Céellular telephone (call-in)

Automatic Highway Advisory Radio (AHAR)
Low-power Highway Advisory Radio (LPHAR)
Radio Data System (RDS)

FM subcarrier modulation

TravTek

Socrates

Recommendations will be developed for the optimum technical approach(es) which are
applicableto I'VSAWS. These recommendations will be sufficient to guide follow-on
product development work.

[FHWA B-2]



IVSAWS Engineering Change Proposal 3 (ECP-003) Overview

Systems engineering required to identify candidate system concepts, derive technical
re_c?w rements, predict expected concept technical performances, and document results
will take approximately 15 months and require an additional funding level of $292K.

Impact of Change on Workplan

The objective of the origina IV SAWS study was to identify candidate advisory, safety,
and hazard situations for motorists, and develop afunctional specification for an

IV SAWS to permit gradual incorporation of these functionsinto automotive vehicles.
The functional specification wasto define asingle “optimal” approach which could be
used for urban, rural, and secondary roads. A magjor emphasis of the study wasto
develop a proof-of-concept system which would implement key subsets of the desired
functionality and demonstrate functional conformance in a concept demonstration.

This ECP seeks to change this singular approach by expanding the “front-end” system
design work to consider several system concepts. Communication Subsystem hardware
development and test has been eliminated. Fabrication and test of the IVSAWS Driver
Alert Warning System (DAWS) driver-machine interface has also been eliminated. The
technical performance of candidate subsystem architectureswill be derived through
research, analysis, and simulation only. This change in focus impacts the IVSAWS
workplan. The mgjor changes in scope are identified below on atask-by-task basis.

Task A Develop Workplan)

Thistask is complete and there is no additional Task A work to be performed under this
ECP. The effort spent to modify the worlcplan (i.e. generate this ECP) has been assigned
aseparate program management line item.

Task B (Advisor-v. Safety. and Hazardous Situation | dentification)
Thistask is expanded to include the following work:

An IVSAWS concept conference will be held at the FHWA Turner-Fairbanks
facility in order to further define the usefulness of IVSAWSin avariety of
scenarios. The goal isto bound the functionality of candidate system concepts.
At the conference, new and previously identified IV SAWS hazard and advisory
applications are to be examined as part of an expanded study of potential

|V SAWS system applications. The various scenarios will be prioritized on a
scale which estimates the relative risk of each situation to the driving public.

An operational concept for deployment of an IV SAWS hazard warning unit will
be developed for each application, which addresses the actions required of the
individual s deploying the warning unit. Discussions will be held with
appropriate organizations to assess practicality in terms of awillingness to adopt
a agistem of thistype, the amount of time and attention available for deployment
tasks, equipment interface issues, user interface issues, reasonable system cost
limits, and other system issues identified by the organizations.

A subcontractor who specializesin the conduct of focus groupswill be
contracted to hold two meetings with sample cross-sections (8 - 10 qualified
members per group) of the rural and urban driving public in order to predict how
the IV SAWS end-user would want the system configured. Desired functionality,
end-user cost limits (retrofit and “add-on”), and specific situationsin which the
driver would find the system useful will be predicted from group responses.

The IV_SAWSfunctional_it?/ required to mitigate each hazard situation will be
determined. Tradeoffs will then be performed in order to identify that set of
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functions which will enable IVSAWS to effectively reduce crash frequency and severity for
“most” situations. Additional functional setswill be formed at logical functional-
effectiveness boundaries.

TASK C: (Select Communications Technology)
Thistask is expanded to include the following work:

- IVSAWS system architectures with varying levels of cost and functionality will
beidentified. Trade-offswill be performed between the architectures and the
functional setsidentified in Task B. Systems which maximize the functionality-cost
ratio will be identified for further study.

- For those system concepts identified as “ most promising”, system technical
performance will be estimated for key hazard and advisory scenarios.

Task D: (Procure and Modify Communications Equipment)

Thistask has been deleted since a Communication Subsystem will not be built.
Task E: (Driver Alert Warning System Definition)

Thistask is complete and no additional work is planned.

Task F: (Driver Alert Warning System Fabrication)

Thistask has been deleted since a Driver Alen Warning System will not be built.
Task G: (Concept Demonstration)

Thistask has been deleted since neither a Communication Subsystem or Driver Alert
Warning System will be built.

Task H: (Functional Specification)

Thistask was originally planned to allow for specification of asingle 1V SAWS concept with
sufficient detail to facilitate procurement of next generation hardware. Given the change of
focus as described herein and in the Future Direction memo, the task has been modified to
allow for functional descrintions of at least two system concepts. The descriptionswill bein
sufficient detail to guide follow-on product devel opment.

Task I: (Technica Summary)

Thistask has not been changed and, except for a schedule change, work will be performed as
described in the original IV SAWS workplan.

Task J: (Draft Final Report)

The scope of thistask has been increased to allow for incorporation of Task B and Task C
results from both the original contract and from the results to be obtained from new work to
be performed as part of this ECP.

Task K: (Final Report)

Thistask has not been changed and, except for a schedule change, work will be performed as
described in the original IV SAWS workplan.

Detailed statements of work follow. Currently, all work is scheduled for completion by
the end of June, 1993. A revised program schedule and cost to complete data are included
in this ECP package.
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EXHIBIT Il
REVISED WORK BREAKDOWN STRUCTURE (WBS)
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IVSAWS ECP-003 Rev 2 WORK BREAKDOWN STRUCTURE (WBS)

TASK DESCRIPTION,
WORKPLAN DEVELOPMENT (COMPLETE)
SAFETY & HAZARDOUS SITUATION IDENTIFICATION
COMMUNICATIONSTECHNOLOGY SELECTION

PROCURE AND MODIFY COMMUNICATION EQUIP.
(TERMINATED)

DEFINE DRIVER ALERT WARNING SYSTEM (COMPLETE)

DRIVER ALERT WARNING SYSTEM  (DAWY)
FABRICATION (TERMINATED)

DAWSCONCEPT DEMONSTRATION (TERMINATED)
FUNCTIONAL SY STEM DESCRIPTIONS

TECHNICAL SUMMARY AND FINAL REPORT
WORK PLAN - DRAFT FINAL REPORT

WORK PLAN - FINAL REPORT

ECP 001

ECP 002

ECP 003

PROGRAM MANAGEMENT
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EXHIBIT 111

REVISED STATEMENT OF WORK
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Task A - Workplan Development (WBSA)

The purpose of Task A was to develop a workplan and schedule for the IVSAWS
program. The workplan was completed and accepted by the FHWA per Department of
Transportation letter dated 6 November, 1990 (Robert B. Robel - FHWA Contracts).
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Task B - Advisory, Safety, and Hazardous Situation Identification
(WBSB)

~ The purpose of Task B was to identify roadway advisory, safety, and hazardous
situations. Formal approval of work was not required and Task B results were
incorporated into the Task C (Communications Technology Selection) final report.

[FHWA B-]



Task B Workplan (WBS B OFT AA)

The following subtasks are amendments to the original Task B Workplan which

erovides a base from which to develop candidate situations for the application of
SAWS and identifies candidate signalling recommendations.

This effort initiates the development of operational concepts that will be implemented
by the user community. By soliciting inputs from the user community early in the design
process, desired operational functions and features can be analyzed for feasibility and
then be used to modify the design when applicable. Work will include meetings with
members of the user community, development of enhanced operational concepts, and
investigations concerning the impact of current user community equipment on the
NSAWS system design.

: W ncept Conference

A mesting will be held at the FHWA Turner-Fairbanks facility in order to further
define the usefulness of IVSAWS in avariety of scenarios, so as to bound the
functionality of the system and aide the assessment of deployment practicality. Prior to
the conference, Hughes will prepare and distribute an information package to the
attendees which describes the system, developments to date, and key system parameters.
The package and presentation will be brief and geared for an audience without an
electronics background. Candidate attendees include representatives from the
DOT/FHWA, IVHS contractors (e.g., Mitre), school districts, law enforcement agencies,
trucking companies, state transportation departments, railroad groups, public safety
agencies (e.g., fire departments), private ambulatory companies, and farmer associations.

As part of the conference, IVSAWS hazard applications identified during Task B,
Subtask 4 of the original IV SAWS contract will be r-e-examined as part of an expanded
study of potential IVSAWS system applications. One new application to be included
must be mitigation of multiple vehicle crashes in fog or dust storms. Other new
applications are also to be considered. Based upon the analysis, the various application-
scenario pairs (hereafter called a“situation”) will be prioritized on a scale which indicates
the relative risk of each situation to the driving public.

Assuming a prompt and effective deployment of a hazard transmitter for each
situation, the potential of 1VSAWS to reduce accident frequency and severity will be

The hours and cost allocated for this subtask are applicable to Hughes personnel only.
Conference expenses for other attendees are not included in the cost.
A program review will be held at the FHWA prior to the concept conference.

A subcontractor who specializes in the conduct of focus groups will be contracted to
hold two meetings with sample cross-sections (8 - 10 qualified members per group) of the
rural and urban drivier(1? Bublic in order to predict how the IV SAWS end-user would want
the system configured. Desired functionality, driver sensitivity to false alarms, end-user
cost limits (retrofit and “add-on"), and specific situations in which the driver would find
the system useful will be predicted from group responses.

- loyment Practicality
An operational concept for deployment of an IV SAWS hazard warning unit will be
developed for each situation, which addresses the actions required of the individuals
deploying the warning unit (e.g., emergency response personnel). The system operational
concept and equipment design must take into account the unique needs of each user.
A subconuactor who specializes in the conduct of focus groups will be contracted to
hold sixty one-on-one meetings with representatives from the following deployment
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Task B Workplan (WBSB OPT AA): Advisory, Safety, and Hazardous Situation
|dentification

groups: law enforcement agencies, fire departments, paramedics, construction and road
maintenance crews, railroad operators, and ambulance drivers. For each operational
concept, the likely effectiveness and practicality of the individuals in performing the
deployment task shall be characterized. Discussions will be held to assess operational
concept practicality in terms of a willingness to adopt a system of this type, the amount of
time and attention available for deployment tasks, user interface issues, reasonable
system cost limits, and other system issues identified by the organizations. For those
operational concepts in which operation of the system is performed or managed remotely
by data fusion center personnel (e.g. police dispatch operators), these discussions will
include meetings with members from this segment of the “deployment” community.

After conduct of the focus groups, quipment interface data will be collected from
each of the five groups. The data will be reviewed and compiled. The impact of the
warning-unit/agency-equipment interface on IVSAWS depl oyment practicality and
system design will then be assessed.

Subtask 4. Functional Definition
The IVSAWS functionality required to mitigate each hazard situation will be
determined. Tradeoffs will then be performed in order to identify that set of functions
which will enable IV SAWS to effectively reduce crash frequency and severity for “ most”
gituatéor]s. Additional functional sets will be formed at logical functional-effectiveness
oundaries.
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Task C - Communications Technology Selection (WBS C)

The purpose of Task C was to select an IV SAWS Communications Subsystem
technologg and perform subsystem definition. Work for this task was completed and
accepted by the FHWA per Department of Transportation letter dated 12 July, 1991
(Robert B. Robel FHWA Contracts).
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The following subtasks are amendments to the original Task C Workplan which
identified a spread spectrum IV SAWS Communication Subsystem architecture as the
basis of a system to be developed for the Task G concept demonstration. The additional
work will focus on the re-examination of alternative IVSAWS system architectures based
upon the results of Task B (WBS B OPT AA) and work previousdly performed under this
contract.

Several system concepts will be identified which meet IV SAWS technical
requirements to varying degrees. Candidate architecture alternatives include the
foilowing:

»  Narrowband communication with GPS ranging
Wideband communication with two-way ranging
Cellular telephone (call-in)

Automatic Highway Advisory Radio (AHAR)
Low-power Highway Advisory Radio (LPHAR)
Radio Data System (RDS)

FM subcarrier modulation

TravTek

»  Socrates

The former list may be modified based upon preliminary results of concept
applicability or identification of other attractive alternatives. For each system concept
identified, analysis will be performed to determine its technical performance and
projected cost. Cost estimates will be limited to in-vehicle unit costs and the cost of
IV SAWS-unique elements that must be supplied to or purchased by the agencies which
will deploy IVSAWS. Infrastructure costs (e.g., the cost of a cellular telephone network)
will not be estimated. Specific performance parameters will depend on the system
approaches selected. Work will include research, analysis and simulation as appropriate.

Subtask 1: Analyze |VSAWS System Architectures with Respect to Critical Functional

IVSAWS system architectures with varying levels of cost and functionality will be
identified. Trade-offswill be performed between the architectures and the functional sets
identified in Task B (WBS B OPT AA). Systems which maximize the functionality-cost
ratio will be identified for further study.

Subtask - TVSAWS Waveform Design

For each system architecture in which a dedicated transmitter is required or a
modification or addition to an existing infrastructure communication protocol is needed, a
communication waveform will be defined which specifies the following:

. Modulation type and emissions mask
. Transmit power
. Message length and structure

Based upon the outputs from Task B (WBS B OFT AA) and the IV SAWS Concept
Conference, waveform support will be defined for those functions identified as necessary
for each system concept and level of functionality.

Supplements or changes to the waveform required to support the mobile transmitter
platform, if any, will be identified. Techniques used to minimize transmitter message
collisions will be identified.

Task C Workplan (WBS C OPT AA)

*¢ © & & ¢ & O
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Task C Workplan (WBSC OPT AA): Select Communications Technology

For those system architectures and communication waveforms identified during
Subtasks 1 and 2, system technical performance will be estimated for the following
scenarios and/or conditions:

. (baseline) single transmitter environment, line of sight communication, 1.2 lan
Driver Alert Distance (DAD)

single transmitter environment, communication through dense foliage, elevation
differential between warning unit and vehicle, 1.2 km DAD

multi-transmitter environment with overlapping communication zones,
communication over aflat surface

a) 5 distinct hazards (fixed), same area of intended coverage
b) 1 hazard, 20 transmitters (mobile), only 1 message need be received

Performance in the above scenarios will be derived through research, analysis and
simulation only. No hardware will be procured, modified or tested. Simulation will be
performed on Hughes' Signal Processing Workstation. Technical performance with
respect to those parameters which can not be estimated through research, analysis and
simulation will be identified for future experimental study.

As necessary to support future field experimentation, applications will be filed with
the FCC or NTIA for experimental use of the following frequencies:

220-222 MHz channels designated for Government nationwide use
420-450 MHz or a segment thereof
825-845/870-890 MHz (cellular telephone)
. 902-928 MHz (license may be needed if required EIRP is greater than 4 Watts)

Implement '

Emerging technologies and available commercial hardware will be examined in order
to project how the subsystems which comprise the identified 1V SAWS system
architectures might be implemented. Cost projections will be included for each
subsystem implementation.

For each system architecture, the ac}/ equacy of using existing vehicle antennas to
implement basic communication and ranging functions will be determined. If existing
antennas can not be used, the use of dual-band antennas within the same form factor will
be investigated The radiation patterns of antenna architectures which can implement
each of the functions will be determined.

The impact on system performance when the in-vehicle unit is packaged as a retrofit
kit rather than an integrated system will be investigated. The connections required,
additional sensors needed, and what functionality would be lost in retrofit will be defmed.
A display which providas two 32 character lines of text will be used as a baseline.

i d SelectiQn.of Communication Subsystem Architecture(s)
A meet| ng will be held at Hughes' Ground System Group in order to review Subtasks
1 through 7 results and make Communication Subsystem architecture selections.
Recommendations will be made as to the optimum system approaches for varying levels
of functionality.

Subtask 8 Task C Final Report

Task C results and recommendations will be included in areport deliverable to the
FHWA.
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Task D - Communications Equipment Procurement and Modification
(WBS D)

The focus of Task D was to select and procure appropriate transmitter, receivers,
antennas, coders/decoders, and control processors in order to demonstrate key concepts
from the Task C specified (WBS C) communication system design. Task D work was
halted per Department of Transportation Stop Work Order dated 19 September, 199 1
(Robert B. Robel - FHWA Contracts). Work was completed or in progress for the
following subtasks:

Subtask 1 (completed) - Communication Equipment Survey
Subtask 2 (in progress) - Communication Equipment Procurement

No further Task D work is Flanned. This task has been deleted since a complete
Communication Subsystem will not be built.
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Task E - Driver Alert Warning System Definition (WBS E)

The purpose of Task E was to define the IVSAWS Driver Alert Warning System
man-machine interface. Work for this task was completed and accepted by the FHWA
per Department of Transportation |etter dated 5 February, 1592 (Robert B. Robel -
FHWA Contracts). No further Task E work will be performed.
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Task F - DAWS Fabrication (WBSF)

The focus of Task F was to select and procure appropriate display, speech
synthesizer, driver touch interface, coders/decoders, and control processors in order to
demonstrate key concepts from the Task E specified (WBS E) Driver Alert Warning
System design. Task F work was halted per Department of Transportation Stop Work
Order dated 25 March, 1992 (Robert B. Robel - FHWA Contracts). Work was in
progress for the foll owing subtask:

Subtask 2 - Component Procurement A purchase order for the Driver Alert Warning
System elements was submitted on 20 February, 1992. Per customer request, the order
was cancelled 20 March, 1992. No n-stocking or cancellation costs were incurred.

No fiuther Task F work is planned. This task has been deleted since a Driver Alert
Warning System will not be built.
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Task G - Concept Demonstration (WBS G)

The purpose of Task G was to structure and conduct tests and demonstrations of the
concepts developed in the I'VSAWS study. The tests were to include a sampling of the
most critical highway hazards covering arange of environmental and geometric situations
extensive enough to demonstrate the reliability of the system. One Communication
Subsystem (originally planned to be built during Task D) and two Driver Alert Warning
Subsystems (originally planned to be built during Task F) were to be used as the system
test hardware. This task was cancelled per Department of Transportation letter dated 25
Mafrch, 1392 (Robert B. Robel - FHWA Contracts). No Task G work has been
performed.
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Task H Workplan - Functional Descriptions (WBSH OPT AA)

Subtask 1: Generate |V SAWS functiona descriptions.

Thistask will describe the functions of at least two in-vehicle safety and warning
system (IVSAWS) concepts. The functional descriptions will delineate the operational
concept, the architectura design, the subsystem interfaces, the subsystem performance
Pa*ametera the subsystem physical characteristics and cost. These principle description
eaturesare summarized inthefollowing table. The functional descriptionswill address
operational issues, system messages, waveform &sign, and the RF parameters. The
architectural description of the IVSAWS system concepts has two principal subsystems
— theroadside or in-vehicle transmitter and the in-vehicle receiver. For each of these
three subsystems, the functional description will address subsystem functional
requirements and interfaces to the other subsystems.

ITEMS IN SYSTEM CONCEPT FUNCTJONAL DESCRIPTION

Operational concept
Significant Hazards to be Reported
Operation of the IVSAWS System (except driver interface)

Architectural Description
Roadside Transmitter
In-Vehicle Recelver/Transceiver
Waveforms and Message Structure

Interfaces
For each Key Subsystem (except driver interface)
Electrica
1/0 and Controls

Projected Performance
For each Architectural Element (except driver interface)
Technical Requirements
|/O Signal Description

Physical Characteristics o
For each Architectural Element (except driver interface)

Size (est.)
Environment

Cost (est.)
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Task | Workplan - Technical Summary (WBS | OPT AA)

Techni

Hughes will sﬁrqoarethe four-page technicd summary in accordance with the two-
column format shown in Attachment 8 of the IV SAWS contract. Recognizing that this
document will be used to sell succeeding phases within the Federd Highway
Administration, the Department of Transportation, and possibly to Congressional
committees, Hughes will use its technical publications activities to ensure that the
technical summary is a professional, concise summary of the effort.

[FHWA B-20]



Task J Workplan - Draft Final Report (WBS | OPT AA)

The draft final report shall describe the results of Tasks B, C, and E. The material for
the draft final report will be drawn from the Engineering Notebooks which have been
used to document the results of significant analysis, tradeoffs, and testing. The
preparation of the draft final report should be mostly be limited to polishing and editing
the material in the Engineering Notebooks to respond to previously provided su%geetions
from the Federal Highway Administration or to provide turther clarification to the
Federal Highway Administration. Tasks C and E require a thorough set of documented
reports. These interim reports will also be incorporated in the draft final report, Because
the System Functional Specification is a separate deliverable item, this specification will
not be part of the draft final report.

This report shall be prepared in accordance with the “ Guidelines for Preparing
Federal Highway Administration Publications” (FHWA-AD-88-001), dated January
1988, so that any revisions to the draft final report will be in regards to technical content
rather than format.

The Government will review the draft final report and will furnish written comments
within 30 days after rec%ipt. A meeting will be held at Hughes Ground Systems Group
in order to review the drart and customer comments. A program review will be held
before the review of the draft final report.

[FHWA B-21]



Task K Workplan - Final Report (WBS I OPT AA)

The final report shall describe the results of Tasks B, C, and E. This task will revise
the draft final report produced in Task J to reflect the Federal Highway Administration
review comments. The revision will incorporate suggestions and or provide further
clarification as needed. Because the System Functional Specification is a separate
deliverable item, this specification will not be part of the draft final report.

This report shall be prepared in accordance with the "Guidelines for Preparing
Federal Highway Administration Publications" (FHWA-AD-88-001), dated January
1988.

The Government will review the final report and will fumnish written comments
within 30 days after receipt. These comments will be responded to in order to assure
acceptance of the final report.
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Engineering Change Proposal 1 Preparation (WBS L)

The purpose of Engineering Change Proposal 1 (ECP-001) was to expand the scope
of the original 1IVSAWS contract to allow for development of a semi-custom transceiver.
The FHWA instructed Hughes to examine alternatives to a full-scale prototype
transceiver development and submit an ECP which would enable demonstration of the
integrated communication-ranging waveform defined in the Task C (Communication

Technology Selection) report.

The proposal, submitted 6 August 1991, was not exercised and the cost of ECP-001
preparation only has been included in the total cost of ECP-003.

,,,,,,,
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Engineering Change Proposal 2 (WBS M)

The purpose of ECP-002 was to evaluate candidate IVSAWS Communication
Subsystem architectures with respect to a set of evaluation criteria. The IVSAWS
Communication Technology Selection (Task C) Report selected a Communication
Subsystem architecture that featured a spread-spectrum waveform. The spread-spectrum
approach offers a solution that provides simultaneous communication and ranging
support while enabling an integrated hardware implementation. However, the five to ten
megahertz bandwidth required to support the subsystem would be difficult to obtain at the
desired o eJJeran ng frequency (i.e. below 500 MHz). Thus, aternate architectures were
evaluat d results were documented in areport to the FHWA.

ECP-002 was ne?otl ated and incorporated into the modified MAWS contract (MOD
2) per Department of Transportation letter dated 24 January, 1992 (Robert B. Robel -
FHWA Contracts) The negotiated additional funds have been added to WBS CA.
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Engineering Change Proposal 3 Preparation (WBS N)

~ The cost to prepare this Engineering Change Proposal has been assigned to a separate
lineitem (WBS M). ECP-003 pnparation costs include that to prepare the draft ECP
review the draft at the FHWA (including travel expenses), prepare financial backup, ad

finalize the draft.
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EXHIBIT IV

REVISED PROGRAM SCHEDULES
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REVISED SCHEDULE

IVSAWS ECP-003 PROGRAM SCHEDULE

IVSAWS ECP-003 TASK B SCHEDULE (WBSB)

IVSAWS ECP-003 TASK C SCHEDULE (WBSC)

FHWA B-27 to B-29


HTTP://www.itsdocs.fhwa.dot.gov/EDLDOCS/6463/FHWAb27.pdf
HTTP://www.itsdocs.fhwa.dot.gov/EDLDOCS/6463/FHWAb28.pdf
HTTP://www.itsdocs.fhwa.dot.gov/EDLDOCS/6463/FHWAb29.pdf

APPENDIX C:
INVEHICLE SAFETY ADVISORY AND WARNING SYSTEMS,
TASK B-FINAL REPORT

This appendix consists of the fina task B report that describes the definition and prioritization of
candidate adwsorK safety, and hazard situations that could be affected by IVSAWS. Included in
the report are methods and rationale for situation selection, cases illustrating selected crash
SItuat|ons and a privatization of identified IVSAWS apphcatlon scenarios.
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In-Vehicle Safety Advisory and Warning Systems
Task B -- Final Report

10  Introduction

This document constitutes the final report for the UMTRI subcontract for Task B - In-
Vehicle Safety Advisory and Warning Systems (IVSAWS) (DTFH61-90-R-0030). This report
describes the definition and prioritization of candidate advisory, safety, and hazard situations that
could be affected by IVSAWS. Included are methods and rationale for situation selection, cases
illustrating select crash situations, and a privatization of identified IV SAWS application scenarios.

2.0  Ddineation of Contractor Tasks from RFP

[dentify candidate advisory, safety, and hazard situations, and using recent rural and urban highway
accident data, develop ranking criteriato determine the severity of accidents; list them in ahierarchical
order according to potentia benefits to safety and traffic operations (i.e., operational performance and
estimated relative frequency of occurrence)...Determine which situations could be helped by an
IVSAWS. Refer to Chapter 11, “ The Highway Safety Problem” of FHWA/RD-81/124 Report for
guidance.

Using the Manual of Uniform Traffic Control Devices (MUTCD) as a guide, develop ranking criteria
and apply them to determine which waming and regulatory signs should be replicated within a
motorist’s vehicle to improve safety and traffic operations. Use human factor analysis to make a
realistic determination of which messages shall affect the proper response given the attention needed
for the driving process. To reduce driver annoyance, a method to defeat or defer frequently repeated

messages shall be found.

As stated in the Task B workplan, FHWA report FHWA/RD-81/124 -- Feasibility and
Concept Selection of a Safety Hazard Advance Warning System is inadequate for determining
crash situations that could be ameliorated through implementation of 1VSAWS technologies. To
improve the state of knowledge about possible crash scenarios that could benefit from IVSAWS
we held severa group discussions involving experts in intelligent vehicle-highway systems
(IVHS), highway design, crash data analysis, accident investigation and reconstruction, and
human behavior.

The initial discussion focused on identifying crash data that could help pinpoint and rank
crash situations that could be remedied by an IVSAWS technology. This first meeting began
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with a brainstorming session to determine afew crash situations we believed could be affected
by IVSAWS. This was done to provide sufficient background information for development of
a data analysis and prioritization system. Results from the FHWA report (FHWA/RD-81/124)
were reviewed and professional observations from the group members experience were used to
develop a short list of crash situations. From this discussion it was determined that identifying
crash situations amenable to 1VSAWS applications and subsequently ranking these applications
based on the analysis of extant crash data sets was infeasible. Existing computerized crash data
sets provide insufficient data detail to conduct analyses that would provide the type of
information necessary to identify crash situations amenable to IV SAWS technologies with
-sufficient specificity.

At this point it was determined that the best course of action was to convene group
discussions to identify specific crash situations amenable to 1V SAWS technologies using the
experience and knowledge of the experts involved in the discussions. Once specific situation
types had been identified, areview of detailed crash investigations was conducted to identify
individual casesthat would illustrate the general crash scenarios.

However, the use of mass statistical data was not abandoned altogether. Examination of
crash data from the states of Michigan and Washington, as well as the 1988 General Estimates
System (GES, a probability sample of al police-reported crashes occurring in the U.S.) was
believed to be useful in helping to bound the number of crashes involving some scenarios. While
insufficient detail is available in these data setsto examine all of the scenariosidentified by the
group discussions, scenarios represented by sufficient data were examined,

30  Crash Scenarios Amenable to IVSAWS Technologies

In general, it is our belief that IVSAWS technologies are best applied in situations in
which the risk of a crash which is relatively high, the risk is known in advance and the situation
occurs infrequently. In addition, the severity of the crash which is risked would preferably be
high. Further, 1V SAWS technologies are well suited for sites with relatively high travel speeds
that act to both reduce reaction time available for collision avoidance and increase crash severity.
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In order for IV SAWS technol ogies to be maximally effective they should be applied in
ways that reduce driver habituation effects. That is, the systems should be activated infrequently
to avoid the situation of drivers ignoring frequently occurring warnings (spurious or real). Itis
equally important that warnings be issued only to vehicles that can benefit from the advanced
warning. Reception of warnings by drivers who are not at risk will likely act to reduce the
attention paid to all 1V SAWS warnings, reducing their effectiveness.

In the discussion to follow, each of the IVSAWS application scenarios identified by the
group discussions is detailed. For some of the scenarios, cases of specific crashes are provided
illustrating the general crash scenarios.

3.1 Accident-involved or disabled vehicles

An advanced warning of adisabled vehicle ahead could prevent drivers from crashing into
the disabled vehicle from the rear or prevent drivers from having to perform a radical avoidance
maneuver that could force them into oncoming traffic or into some roadside obstacle like a ditch,
utility pole, or tree. Such a system could be activated automatically via crash sensors similar to
those used to activate airbags or the system could be activated manually by the driver. If
IV SAWS was implemented so that the automatically-generated warning (activated by a crash)
also sent out a distress signal to police (augmented with a vehicle location code), the system
could effect asignificant reduction in death and injury outcomes by reducing the response time
for emergency medical treatment. Such a “ mayday” signal could perhaps be sent only in crashes
having a sufficient delta-V that seriousinjury to vehicle occupants was likely.

Such an automatically activated system may have been of benefit to reducing the crash
trauma induced in the recent chain-reaction crashesin Tennessee and Utah which were caused
in part by high travel speeds and limited sight distance which obscured vehicles disabled by
previous crashes. Two cases involving collisions with disabled vehicles in the roadway follow
to illustrate this application’.

‘Cases are taken from crashesinvestigated by the UMTRI crash investigation team headed by Dr. Donald Huelke

and sponsored by the Motor Vehicle Manufacturers Association.  Cases were selected from over 500 reviewed
representing crashes occurring in Washtenaw County, Michigan from 1986 through 1990 involving late-model cars in

which at least one occupant was injured.
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IVSAWSApplication Case 1

Accident Involved or Disabled Vehicles
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Case Vehicle (A): 1985 Volkswagen Vehicle (B): 1975 Buick

Type: GTI, 2-Dr. HB Type: Regal, 2-Dr. Sedan
Driver: 16-Yrs,, Male Driver: Unoccupied
Situation

At about 1907 hours on Saturday, January 18,1986, case vehicle (A) wastraveling at an
unknown speed in the left southbound lane of Huron Parkway, a 4-lane asphalt parkway on the
eastsde of Ann Arbor. Vehicle (B) had run out of fuel in the left southbound lane and was left
unattended with its parking lights on, but not its 4-way flashers. Perhaps due to the fog and the
low visibility of the parking lights, the driver of the case vehicle (A) failed to see vehicle (B) in
time to avoid a collision. Even though case vehicle (A) veered to theright at the last instant it
struck the rear right comer of vehicle (B). Both vehicles then lightly slapped together, but their
final positions are unknown. At the time of impact (B) was parked and the impact speed of case
vehicle (A) was estimated to be 48-58 kmph.
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[6-0 vMHA]

CASE NO.: UM-2347-86 DATE/TIME:1 -18-86 / 1907 HRS.

CASE VEH.(A): 1985 VOLKSWAGEN WEATHER: FOG
TYPE: GTI, 2-DR. HB ROAD SURFACE: WET
DRIVER: 1 6-YRS., MALE ROAD CONSTRUCTION: ASPHALT

VEH. (B): 1975 BUICK REGAL
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IVSAWS Application Case 2

Accident Involved or Disabled Vehicles
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Case Vehicle (A): 1987 Chevrolet Vehicle (B): 1977 Chevrolet

Type: Celebrity, 4-Dr. NB Type: Impala, 2-Dr. Cpe.
Driver: 33-yrs, Mde Driver: 41-yrs., Male
Situation

On Friday, January 23, 1987, at about 1842 hours case vehicle (A) was southbound at a
driver estimated speed of 56 kmph uphill in the curb lane of Washtenaw Avenue, a 4-lane asphalt
arterial roadway through the residential area of southeast Ann Arbor, Vehicle (B) was northbound
at an unknown speed in the curb lane. Just prior to the intersection with Brockman, southbound
vehicle (Z) was disabled in the curb lane. As case vehicle (A) approached the intersection, the
driver did not redize that vehicle (Z) was disabled until the last instant. The driver made a sharp
correction to the left causing case vehicle (A) to avoid vehicle (Z). Case vehicle (A) then
crossed the centerline into the path of vehicle (B) where the two struck head-on. Both vehicles
came to rest locked together, but their exact position is unknown. The impact of vehicle (B) was
estimated to be 24 to 32 kmph while that of case vehicle (A) was 28 to 36 kmph.
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CASE NO.: UM-2447-87 DATE/TIME: 1-23-87/1 842 HRS.
CASE VEH. (A): 1987 CHEVROLET WEATHER: CLEAR

TYPE: CELEBRITY, 4-DR. NB ROAD SURFACE: SNOWY

DRIVER: 33-YRS., MALE ROAD CONSTRUCTION: ASPHALT
VEH. (B): 1977 CHEVROLET IMPALA
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3.2 Crash site -- Police Activated

Thisapplication issimilar to the previous one except that the deployment of the system
differs. In this application, a transmitter is programmed and placed at the crash scene by police
much like flares might be deployed, currently. Police could select an appropriate message to
assist with traffic control at the crash scene. Once again, secondary collisions at the crash scene
and crashes caused by avoidance maneuvers are the target of this I[VSAWS application.

3.3 Disabled Truck at Roadside

In this application IV SAWS warning would be activated to supplement or replace
reflectors at the roadside. This application would be particularly useful on primary and interstate
highways where travel speeds are high. One case involving collisions with a disabled truck at
the roadside follows to illustrate this application.

[FHWA C- 16]



IVSAWS Application Case 3

Disabled Truck at Roadside
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Case Vehicle (A): 1986 Ford Vehicle (B): 1977 Mack

Type: Escort LX, 2-Dr. HB Type: DM-800ST, Tractor-Trailer
Driver: 55-yrs., Female Driver: Unoccupied
Situation

At about 1310 hours on Monday, February 24, 1986, case vehicle (A) was southbound
at adriver estimated speed of about 80 kmph on Rawsonville Road, a 2-lane farm area road
southeast of Willis. Southbound vehicle (B) had broken down and was parked along the west
side of the roadway, but well into the southbound lane because there was a ditch on the west side
of the road. The driver was underneath the semitrailer working on the brakes. The driver of
case vehicle (A) did not recognize that vehicle (B) was parked and case vehicle (A) struck the
rear left comer and dual wheels of the vehicle(B) semitrailer. Vehicle (B) was not available for
inspection, but as stated above it was stopped at the time of impact and the speed of case vehicle
(A) could not be estimated. However, by assuming a barrier type of impact a delta-v was
calculated using only the damage of case vehicle(A). The calculated delta-v for the assumption
was 32 kmph.

[FHWA C-18]
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3.4 School Bus or Other Special-Vehicle Hazard

Many special-use vehicles create hazards because of repeated stops or slow travel speeds
relative to regular traffic. Crashes resulting from the operation of these vehicles may be the
result of impacts with the special vehicle itself or with traffic backed up behind ‘the vehicle or
manoeuvering around the vehicle. An IV SAWS system could provide driverswith awarning of
the upcoming hazard in sufficient time to slow to react to the upcoming situation. Two cases
follow toillustrate this application. One case involves a car striking a slowly moving snow-
plow/salt truck on an interstate highway, the second involves acollision of acar with acivilian
car used as amail delivery vehicle.

[FHWA C-21]



IVSAWS Application Case 4

School Bus or Other Special-Vehicle Hazard
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IVSAWS Application Case 5

School Busor Other Special-VehicleHazard

[FHWA C-25]
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3.5 Highway Construction Zones

IVSAWS transmitters could be deployed to accurately reflect the changing conditions at
and around construction zones. Work crews could change the transmitted message to reflect
current road conditions as work progresses and changes in character. In this way, drivers would
be presented with the most timely information, reducing the likelihood that they will dismiss
messages as not being pertinent.

3.6  Traffic Backups

IV SAWS transmitters could be deployed to notify drivers of impending traffic backups.
This may not be practical for some recurrent traffic congestion problems. In recurrent situations
the message may be so repetitive as to cause driver habituation, thus diminishing the value of

the message. However, this application may be more practical in nonrecurrent traffic backup
situations.

Traffic may backup as a result of a crash or other roadside or off-road event (via lane
blockage or “gapers block”). In these cases, police or other emergency personnel may set up
IVSAWS transmitters to inform up-stream traffic of the upcoming blockage. Ancther likely
application is at locations on the highway where traffic backups are frequent, but are not so
regular in occurrence that driver habituation becomes an issue. Such alocation is at or near
construction zones. A case describing a crash that occurred up-stream of a construction zone
where traffic had backed up well in advance of the construction zone is described on the
following pages.

[FHWA C-28]



IVSAWS Application Case 6

Traffic Backups
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Case Vehicle (A): 1988 Dodge
Type: Ram Raider, 3-Dr. MPV
Driver: 18-yrs, Mae

Vehicle (C): 1981 Pontiac
Type: Phoenix LJ, 5-Dr. HB

Driver: 51-yrs, Mae

Vehicle (E): 1986 Buick

Vehicle (B): 1985 Freightliner
Type: COE 6 x 4 Tractor-Trailer
Driver: 49-yrs., Male

Vehicle (D): 1976 Chevrolet

Type: Camaro, 2-Dr. Coupe
Driver: 32-yrs., Female

Vehicle (F): 1973 Dodge

Type: Electra Park Avenue, 4-Dr. NB Type: Motorhome
Driver: 46-yrs, Mae Driver: 64-yrs., Male

Thisisamultiple vehicle fatal crash with fire.

Situation

At about 0850 hours on Thursday, August 11, 1988, case vehicle (A) was reported to be
traveling at an unknown speed in the right lane of US-23(NB)/M-14(WB), a 4-lane divided
concrete expressway north of Ann Arbor. Vehicles (E), (D), (C) and(B) were westbound at
unknown speeds in the left lane while vehicle (F) and other traffic (S) thru (Z) were westbound
in the right lane. Due to construction ahead al traffic was stop-and-go except case vehicle (A)
and vehicle (B). As case vehicle (A) approached this situation, it reportedly switched lanes
abruptly in front of vehicle (B) and then had to slow down, but the driver of vehicle (B) was
apparently not attentive enough and could not stop in time. Vehicle (B) struck the rear of case
vehicle (A), whichin turn struck the rear of stopped vehicle (C). Following the impact, vehicle
(C) yawed to the left into the median while case vehicle (A) bounced into the air and ran off the
median and rolled onto its right side. Both case vehicle (A) and vehicle (C) burst into flames
and were consumed. Case vehicle (A) came to rest on its right side headed easterly about 4
meters into the median while vehicle (C) was on its wheels headed easterly just ahead of case
vehicle (A) about 3 metersinto the median. Following the initial impact, vehicle (B) began to

[FHWA C-30]



jackknife and then struck the rear of stopped vehicle (D). Vehicle (B) then dlid to a stop with
the front of the tractor just into the median headed southwesterly at the rear of vehicle (C).

Vehicle (B) left about 75 meters of skid marks. Following impact, the |eft front of vehicle (D)

struck vehicle (E) and bounced to the right where its |eft front comer was struck by vehicle (F)

and then sideswiped by vehicle (F). Vehicle (D) came to rest headed west astride the center of

the westbound lanes and 26 meters west of vehicle (B). Meanwhile, vehicle (E) came to a stop
on the median shoulder and vehicle (F) stopped on the right shoulder; both an unknown distance
west of vehicle (D). 1t isunknown whether or not vehicles (E) and (F) were moving at the time
of impact, but it was reported that vehicle (D) was stopped at the time that it was struck. The
impact speeds of vehicles (B), (C) or case vehicle (A) could not be determined.

[FHWA C-3]]
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CASE NO.: UM-2613-88

DATE / TIME: 8-11-88 / 0850HRS.

CASE VEH. (A): 1988 DODGE WEATHER: CLEAR

TYPE: RAM RAIDER, MPV
DRIVER: 18-YRS., MALE

ROAD SURFACE: DRY
ROAD CONSTRUCTION: CONCRETE

VEH. (B): 1985 FREIGHTLINER SEMI
VEH. (C): 1981 PONTIAC PHOENIX VEH. (E): 1986 BUICK ELECTRA
VEH. (D): 1976 CHEVROLET CAMARO  VEH. (F): 1976 DODGE MOTOR HOME

75 m

26m 2

us-23(~8) ¢ m-14(wb)
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MULTIPLE VEHICLE FATAL CRASH WITH FIRE

OFFICIAL TRAFFIC ACCIDENT REPORT

FHWA C-33 to C-46


HTTP://www.itsdocs.fhwa.dot.gov/EDLDOCS/6463/FHWAC3346.pdf

3.7  “Mini-zones’ Involving Roadside Work

Crashes may occur at roadside “ mini-zones’--areas where roadside work isin progress
for limited periods of time. Examples of these mini-zones include utility construction sites where
utility vehicles are present in the roadway while work is in progress at or near the roadway itself.
Presence of these zones could be announced to up-stream traffic vialVSAWS. We should note
that conversations with the corporate safety directors of several Michigan utilities have suggested
that crashes involving roadside utility crews and/or their vehicles are extremely rare events.
However, further research into the number and nature of such crashes may shed more light on

IV SAWS applicability in these situations. Unfortunately, available crash dataare unsuitable for
thislevel of detailed analysis.

3.8 Temporary Detour Routes

The IVSAWS applications on temporary detour routes take two basic forms. First,
IVSAWS could serve to warn of specia hazards that may be encountered on the detour. An
example of this application can be found on the following pages describing a crash of a semi-
trailer truck as it tried to negotiate a curve at excessive speed on an interstate highway detour.
The second possible application deviates from IVSAWS as a safety warning system and, instead,
serves to provide route guidance. Transmitters could be placed along a detour path (created
because of construction, a massive accident, or other special event) to direct traffic so that drivers
do not get lost. While this application deviates from the hazard warning application of IVSAWS,
it capitalizes on an IVSAWS installation to obtain greater functionality as a public service.

[FHWA C-47]



IVSAWS Application Case 7

Temporary Detour Routes
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Case vehicle (A): 1978 International
Type: CO-4070B, Tractor-Trailer
Driver: 40-yrs, Mae

Situation
Thisisafata crash.

At about 0055 hours on Wednesday, February 4, 1987, case vehicle (A) was traveling at
an unknown speed in the right lane of the 3-lane westbound 1-94 detour route. There were two
other lanes on the right than continued on to Ecorse Road. On afairly sharp uphill curveto the
left that went across an overpass, the case vehicle (A) was apparently traveling too fast and ran
off the driving lane onto the right shoulder. The driver apparently attempted to return to the
roadway too abruptly causing the case vehicle (A) to roll onto itsright side. It then dlid on its
right side up the pavement and onto the right shoulder where it struck the guardrail. It was then
directed on up along the guardrail where it struck the concrete rail of the overpass. The case
vehicle (A) came to rest on its right side on the north shoulder near the center of the overpass.
The rollover speed of the case vehicle (A) is unknown. The semitrailer contained two moderate
(23,770 Ibs total) weight rolls and one heavy (27,430 Ibs) roll of stainless steel. The two smaller
rolls remained in the semitrailer while the larger roll broke loose and came to rest in the center
of the roadway.

[FHWA C-49]
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CASE NO.: UM-2455-87

CASE VEH. (A): 1978 INTERNATIONAL
TYPE: CO-4070B, TRACTOR-TRAILER
DRIVER: 40-YRS., MALE

CONCRETE
BRIO&GE RAIL

OVERPASS
£CORSE R (EB)

GUARDRAIL

DATE/TIME: 2-4-87/0055 HRS.
WEATHER: CLOUDY

ROAD SURFACE: DRY

ROAD CONSTRUCTION: ASPHALT
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3.9  Multiple (Compounding) Hazardous Conditions

IVSAWS applications could be useful in reducing the problems caused by multiple
hazards. Take the example of the semi-trailer truck crash while traveling at excessive speed
through the curve. The curve was not a significant hazard when traveled at the posted speed, but
became hazardous to a vehicle traveling at excessive speed. A system could be designed to relay
a“sow-down” message to vehicles traveling at an excessive speed through a curve. The vehicle
message system could monitor vehicle speed, and the message would be signalled only to drivers
in vehicles which are traveling over a predetermined speed.

Systems which could take advantage of environmental sensors may signal drivers at sites
(e.g., curves, bridges) which have become particularly hazardous because of changesin the
coriditions of the roadway (e.g., wet, ice, snow) or atmospheric conditions (e.g., fog). The
increased reaction time afforded drivers by 1VSAWS technologies may be especially helpful in
these conditions where stopping distance or decision sight distance is reduced by weather or road
conditions.

Other multiple-hazards involve road features which are somehow hidden from the driver
because of horizontal or vertica curvature of the road or other obstacles. The case presented on
the following pages describes a crash in which a car encountered a rough railroad grade after

coming out of a curve at an excessive speed.
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IVSAWS Application Case 8

Multiple (Compounding) Hazar dous Conditions
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Case Vehicle (A): 1989 For:
Type: Probe GT 2-Dr. HB
Driver: 42-yrs., Femae

Thisisafatal crash. The driver had been drinking and a chemical test was given; however, no

results were obtained.

Situation

At about 0513 hours on Sunday, August 5, 1990, case vehicle (A) was eastbound at a
high rate of speed on East Forest, a 2-lane asphalt roadway through a commercia area of
Y psilanti. When case vehicle A) crossed two sets of very bumpy railroad tracks it went our of
control, went up the curb and left the south edge of the roadway. It traveled off the road about
17 meterswhere it struck afirst hydrant head-on, The hydrant was broken off at the ground and
flew about 5 meters where it struck the side of the building. Following the impact with the fire
hydrant, case vehicle (A) rotated clockwise becoming partially airborne and struck a utility pole
on the left side and roof. The case vehicle (A) rolled upwards with the roof contacting the pole
seven feet above ground. The car came to rest at an angle against the pole.
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CASE NO: UM-2820-90

CASE VEH. (A): 1989 FORD
TYPE: PROBE GT Z-DR. HB
DRIVER: 42-YRS., FEMALE

DATE / TIME: 08-05-90/0513 HRS.
WEATHER: CLEAR

ROAD SURFACE: DRY

ROAD CONSTRUCTION: ASPHALT
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3.10  Supplemental Traffic Control Device

Changesin traffic control devices may surprise drivers who travel through the site very
frequently, thus contributing to crashes. Changes may result from engineering initiatives (e.g.,
replacing a yield with a stop sign, removing a stop sign) or because of some unplanned event
(e.g., traffic light maintenance, power failure at a traffic signal). 1IVSAWS technologies could
be applied to inform drivers of changesin traffic control devices before they arrive at the area
where driving decisions based on the changed traffic control device would be required.

3.11 Railroad Grade Crossings

Railroad grade crossings can be hazardous. Drivers often have difficulty judging the
speed of the oncoming train, or may be unaware of the existence of the crossing. This is
particularly true at night, in rural areas, at crossings without lights or gates. 1V SAWS could be

applied to remedy this hazard by mounting IV SAWS equipment on the engine, itself, signalling
ahead to vehicles approaching the nearby crossing.

3.12  Signalling Emergency Vehicle Presence

IVSAWS could be applied to increase drivers awareness of approaching emergency
vehicles. While these vehicles are already equipped with auditory and visual signals (i.e., sirens
and lights), IV SAWS technologies could be applied to increase drivers awareness of the
approach of such vehicles. These technologies might be best used in high density areas where
there are many distractions obscuring the emergency vehicles' lights or sirens.
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4,0  Hierarchy Development for IVSAWSApplication Situations

The IVSAWS applications described in the previous section were ranked using a two-
phase scheme. First, crash data were analyzed to determine the number and relative injury
severity of crashesthat occur involving each scenario. Because crash data were unavailable for
six of the scenarios, this step was supplemented by a prioritization based on issues of practicality
and perceived benefits that may be derived from each 1V SAWS application situation.

31  Crash data analysis

Three crash-data sets were used to estimate frequencies of crash types that may be
affected by the NSAWS application scenarios. These data sets were the 1989 crash files from
Michigan and Washington state, and the 1988 General Estimates System (GES) data produced
by the National Highway Traffic Safety Administration, National Center for Statistics and
Analysis. The Michigan and Washington state data sets are census files of police-reported
crashes in the respective states. The reporting threshold for Michigan is property damage of at
least $200. For Washington, the reporting threshold is $300. GES is a probability-based sample
of crashesfrom the U.S. intended to be representative of all crashes nationwide.

The objective of the crash-data analyses was to generate accident and injury frequencies
of accident typesthat are represented in the 12 IV SAWS applications described in the previous
section. Data necessary to isolate many of these crash scenarios are not currently available.
Much of the information required for this objective concerns the precrash situation, nut the focus
of most crash-data files has been on the crash itself and its outcome. Data collection in the past
has focussed on crashworthiness, not crash avoidance. Consequently, it is not possible to
estimate even broad crash frequencies for some crash types. Excluded crash types include “mini-
zones,” temporary detour routes, traffic backups, crashes which may be related to changesin
traffic control devices, and for the most part, crashes related to previous crashes. For the others,
it has been possible to isolate crash scenarios which are either a subset or super-set of the crash
scenarios described earlier. These analyses are described in the following sections.

[FHWA C-58]



4.1.1 Accidentinvolved or disabled vehicles

For this scenario, the analysis subset consisted of crashes in which a vehicle was stopped
or disabled which were not intersection- or driveway-related. The purpose of the latter constraint
was to eliminate crashes where a vehicle was stopped for a traffic light or stop sign. This subset
identifies crashes involving vehicles stopped on the roadway where they would normally be
expected to be moving.

In Michigan, there were 26,776 such crashes (6.4% of the 417,252 crashes in 1989). This
subset had alower proportion of fatal, A-level (serious), and B-level (moderate) injuries, and a
higher proportion of C-level (minor) injuries than the crash data overal. Overall in Michigan,
13.9% of crashes involve C-level injuries as the worst injury in the crash. For this subset, 23.4%
involved C-level injury as the worst injury. This crash scenario was overinvolved on limited-
access, U.S,, and State-numbered routes compared to all crashes.

Similar analyses were conducted for Washington state data. Although the specific code
values used to generate the subset differed from those used for Michigan, roughly the same crash
subset was isolated. For Washington, subset crashes consisted of those where one vehicle was
stopped on the roadway and was struck by another traveling in the same direction. Intersection-
and driveway-related crashes were again excluded. In Washington, there were 6,335 such crashes
in 1989, 4.9% of the 128,000 total crashes. As in Michigan, C-level injuries were
overrepresented and more serious injuries were underrepresented.

4.1.2 School-bus Involved

Michigan includes a data code for school-bus involved or influenced crashes. In 1989,
there were 2,182 such crashes, 0.5% of the total. The school-bus itself was physically involved
in 1,606 of the crashes. In 54 crashes, a person boarding or exiting the bus was injured by

another vehicle. The remaining 522 did not physicaly involve the bus, but the bus was reported
to have influenced the crash by its stop. The profile of crash severity for school-bus crashes was
vary similar to that of all crashes. Interestingly, school-bus crashes were more likely to have
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occurred at an intersection than crashes overall. Over 60% (1,318) occurred at an intersection
or driveway, compared to 53.3% for crashes overall.

School-bus involvement is also coded in the 1988 GES data. GES is designed to yield
national estimates for different crash types, but 1988 was the first year of GES availability, and
frequency estimates should be used with caution. For example, the GES estimate for the total
number of fatal crashes in 1988 is 30,922. The census number from the Fatal Accident
Reporting System (FARS) is42,119. While the FARS figure is within the 95% confidence
interval for the GES estimate, these differences illustrate the fact that there is a good deal of
variance associated with GES estimates. The proportion of crashes involving school buses in the
GES datais 0.58%, virtually the same as in Michigan. Crash severities are again similar to those
in crashes overall.

4.1.3 Highway Construction Zones

The coding for highway construction zones in the Michigan data are widely considered
to be unreliable, even within the Michigan Department of Transportation. Review of hard copies
of police crash reports has shown that in many cases the construction zone was inactive or even
nonexistent. With that caveat, there were 6,755 crashes (1.6% of the total) coded as occurring
in construction zones. These crashes closely matched the severity profile of crashes overall.
Daylight crashes, when a construction zone istypically active, were overrepresented compared
to crashes overall (74.5% versus 61.4%).

4.1.4 Multiple (compounding) hazardous conditions

Thisisaparticularly difficult set of crash scenarios to isolate in computerized crash data.
In most cases, identifying such a crash requires detailed information about a sequence of events
and/or the relationship between roadway features. The combination of hazards and their sequence
are critical for meaningful analysis, but such information is not generally available in current
crash data that focus more o crash worthiness rather than crash avoidance. Nevertheless, it is
possible to isolate some broad categories of crashes that might fit this IVSAWS application. The
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first discussed is snowy or icy roads in combination with curves and/or grades (horizontal and
vertical curves).

In Washington state there were 12,475 crashes (9.7% of the total) on snowy/icy roads in
1989. Crashes on curves were overrepresented, and the combination of a grade and curve was
the worst, having twice the proportion of snowy/icy crashes than crashes overall. Specifically,
15.2% (1,900) of the snowy/icy crashes occurred on mad segments with both curves and grades,
while only 7.5% of al crashes in Washington state were on such road segments. The proportion
of property-damage crashes for this crash scenario was higher than the proportion for crashes
overall (64.0% versus 55.7%).

Another application of IVSAWS technology fitting this general scenario is to provide
warnings at bridges when roads are snowy or icy. In Washington, 410 such crashes occurred
(coding for Michigan on this scenario has been inconsistent and thusis not detailed). Although
the overall crash risk islow, there could be payoff in identifying specific bridges with particularly
hazardous conditions that would warrant an IV SAWS signalling application.

Fog is another weather hazard that can be compounded by road alignment. There were
2,868 crashes (6.8% of the total) occurring in foggy conditions in Michigan in 1989. Serious
crashes were somewhat overrepresented among fog crashes. Fog crashes were found to occur
more often on a curved portion of the road than crashes overall (7.4% versus 5.2%). IV SAWS
application should probably focus on areas with severe recurrent fog problems.

4.1.5 Railroad grade crossings

Although car-train collisions are relatively infrequent events, they are usually more severe
than other crashes. There were 279 such crashes in Michigan in 1989 (0.07% of the total).
However, 26 (9.3%) resulted in at least one fatality compared to 0.4% for crashes overall.
Although the rural-urban distinction is not captured with great precision in Michigan, it appears
that rural areas are overrepresented, as are crashesin darkness.
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In Washington state in 1989, there were 98 car-train collisions (0.08% of the total). As
was the case in Michigan, these crashes tended to be more sever than average (6.1% involving
at least one death versus 0.3% for all crashes). The urban-rural coding is better in Washington
state data, and again rural areas were overrepresented. Almost 35% of car-train crashes occurred
in rura areas compared to 21.4% for crashes overall.

4.1.6 Emergency vehicles

Michigan crash data includes a code for crashes involving emergency vehicles. In 1989,
there were 1,679 crashes (0.4% of the total) involving ambulance, fire, or police vehicles. These
crashes tended to be more severe than the average crash. The same proportion of crashes
resulted in death, but nonfatal-injury crashes were overrepresented (34.8% versus 25%). Almost
75% of crashes involving emergency vehicles were coded as intersection crashes compared to
55.6% for crashesoveral. Interestingly, a most 45% of emergency-vehicle-involved crasheswere
at intersection with both vehicles traveling in the same direction. Only 22.1% of crashes overall
had that configuration. Another 34.1% of the emergency-vehicle-involved crashes were same
direction, non-intersection.

4.2 Hierarchy of IVSAWS Application Situations

These analyses show that there is much we do know about crashes that might be
prevented by IVSAWS application, but thereis still more that remains unknown about these
crashes. The following table provides ranks of the 12 1V SAWS situations detailed in this report
according to the crash data and afinal hierarchical ranking based on the crash data, professional
estimates of crash occurrence (based on experience rather than hard data), and an understanding
of how IV SAWS technologies might be implemented and used in the field. Following the table
isabrief discussion of the rationale for the final 1VSAWS application rankings.
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Rankings of Possible IVSAWS Applications

IVSAWS Application Crash Data Rank Overall |
Rank
Crash Injury
Freq. severity
Signalling emergency vehicle 5 2-3 1
presence
Railroad grade crossings 6 1 2
Multiple (compounding) 3 2-3 2
hazardous conditions
Highway construction zones 2 5-6 3
Supplemental traffic control NA NA 4
device
Crash site -- Police Activated NA NA 4
School bus or other special 4 4 5
vehicle hazard
Temporary detour routes NA NA 5
Disabled truck at roadside NA NA 6
"Mini-zones" involving NA NA 7
roadside work
Traffic backups NA NA 7
Accident-involved or 1 5-6 8
disabled vehicles

IV SAWS applications were ranked based on actual crash exposure and overall utility of
the IVSAWS application. The “overall” utility ranking was based on the number and severity
of crashes, the number of transmitters that would need to be deployed, and the general
applicability and utility of 1VSAWS technology for affecting crashes in each scenario.
Obvioudly, this fina ranking criterion is subjective. The specific rationale for the ranking of each
scenario isprovided in the following section.
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Rank 1: Signalling emergency vehicle presence. Crash data show this scenario represents a very

small proportion of all crashes, but that injury severity from these crashesis greater than for
crashes overall. The configurations of the crashes in the data analysis (i.e., predominately same
direction-intersection, and same direction-nonintersection) suggests that drivers may not be aware
of the presence of these vehicles as they approach, despite the lights and sirens. Thus, an
IV SAWS message may provide them with additional information necessary to prevent a crash.
The number of vehicles that would require IV SAWS transmittersis limited to the number of
emergency vehiclesin the population (presumably a manageable number). Full penetration of
IVSAWS transmitters and/or receivers is not necessary for benefits of this application to accrue
because these systems would provide a supplementary warning to sirens and lights. In addition,
benefits of preventing emergency vehicle crashes go beyond the crash incident itself. That is,
when an emergency vehicle isinvolved in a crash, some emergency need is not met in a prompr
manner, perhaps resulting in unnecessary property loss or additional persona injury.

Rank 2: Railroad grade crossings. The probability of a car-train crash is quite low; however,
the results of such crashes are disproportionately severe. The crash data also show that car-train

crashes occur disproportionately at night in rura areas (many of which are probably unguarded
crossings). This suggests that a supplemental warning could be effective in preventing these
crashes. IVSAWS transmitters would only have to be installed on the lead engine of each train.
This should not pose an unreasonably large burden. Messages transmitted from the trains could
be totally unambiguous and standardized. There are also probable benefits on the train-side of
the crash situation, especially when hazardous cargos are involved (i.e., special hazardous
commodity codes could be encrypted onto the transmitted message).

Rank 2: Multiple (compounding) hazardous conditions. Crash data are not available for the

majority of situations that fit this scenario, but the data that are available (i.e., fog, sippery
conditionsand vertical or horizontal curvature) are compelling. It is certain that there are many
more crashes that involve multiple hazardous conditions than could be readily identified by the
crash data. Thisis arich domain for safety-and-traffic engineers who could tailor IVSAWS
messages to suit the local problems. The number of sites for transmitter deployment need not
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be excessively high. In fact, not every potential site should be instrumented. Sites should be
selected based on identified needs from crash experience (of course, this would require adequate
record keeping). Many of the multiple hazard scenarios are likely to include excessive speed as
one of the compounding conditions. An IVSAWS system that relayed a warning only to vehicles
traveling over some predetermined “safe” speed seem to constitute a valuable and practical

application of IVSAWS deployment.

Rank 3: Highway congtruction zones. Thisis avaluable application of 1V SAWS because
construction zone crashes present a hazard not only to vehicles traveling through the zone, but
aso to workers in the zone. A significant number of crashes are reported to occur in
construction zones, but not so many zones that transmitter deployment should be overly
burdensome. Construction zones also present an ideal 1VSAWS application opportunity because
we know precisely where the siteis, we know much about the hazards associated with the site,
and the zone is not permanent, thus reducing possible habituation effects. In fact, as the
characteristics of the zone change, it should be possible to change the characteristics of applicable
warning messages, further reducing habituation.

Rank 4: Supplemental traffic control device. No crash data were available to describe the extent

of the hazard these situations cause. However, it is not difficult to think of situations where
signals or signs have been changed or disabled for one reason or another that have the potential
for creating traffic conflicts. IVSAWS would serve as a supplement to existing signals, and thus
it would represent an additional safety message to equipped vehicles. Unequipped vehicles
should not be negatively affected by the lack of an IV SAWS warning. The safety value of such
a system cannot be determined precisely in the absence of crash data, but the value for crash
prevention is probably quite low.

Rank 4. Crash site -- Police activated. There are little to no crash data available to describe the

potential for this application to prevent crashes. However, the potential for such a system to
inform drivers of an upcoming crash site (and possible lane blockage, debris, etc.) is appealing.

Such a system may involve the active deployment by officersin the field to select the message,
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signal direction and strength, transmitter placement in the roadway, and perhaps other features.

If the system was burdensome to the officers, they may not be prone to use the system. Such
a system may be combined with the emergency vehicle alert system mentioned previously. If
this was feasible, the utility of the total system would be enhanced. If this system required a
separate transmitter, it would represent perhaps a doubling of the cost of 1VSAWS installation
to police agencies.

Rank 5: School-bus or other special vehicle hazard. Crash data showed that school bus crashes
are relatively rare events, and it is unclear if additional signalling would be beneficial in
preventing the few that do occur. Given the large number of busses that would have to be
equipped, it is unclear if the cost (and problem with frequent and redundant signalling) are worth
the benefit that may be derived. For other specia vehicles such as rura mail carriers (see
examplein previous section), the utility of alVSAWS system isless sure.

Rank 5: Temporary detour routes. No crash data are available to determine the threat to safety
that is presented by temporary detour routes. In fact, temporary detours are themselves not
threatening, but the conditions they create may be. Thus, these threats may be conceived as
fitting into more specific IVSAWS applications.  On the other hand, 1V SAWS applications as
markers for atemporary detour could be useful as temporary route-guidance technology. Until
there is 100% market penetration, these IV SAWS route markers would have to be used as
supplements to traditional detour markers.

Rank 6: Disabled truck at roadside. Specific data on the hazard created by disabled trucks at
the roadside are not available. The most significant problem with this application is the large

number of vehicles that would have to be equipped with a transmitter. In addition, IVSAWS
information would only supplement existing use of flares and reflective triangles. It isunlikely
that the benefits derived from the system would approach or exceed the costs of deployment.
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Rank 7: “Mini-zones’ involving roadside work. Through conversations with several utility
companiesit was determined that “ mini-zones’ do not create any specia crash hazard. Therefore,
IVSAWS application is unwarranted.

Rank 7: Traffic backups. No crash data are available describing the extent to which traffic
backups create a significant traffic safety hazard. At best, this application is a subset of the
construction zone or police-activated systems. Recurrent traffic backups are not suitable for
IVSAWS application because of the potential for habituation effects.

Rank 8: Accident-involved or disabled vehicles. Although alarge number of crashes seem to

involve vehicles stopped in the roadway for some reason, the crash data are unclear on the reason
why these vehicles were stopped. It islikely that many were stopped for reasons other than a
crash or the vehicle being disabled. Even if al of these crashes did fit the original scenario, the
cost of deploying an IVSAWS transmitter and receiver in every vehicle is likely to exceed the
benefits derived from such deployment. This negative conclusion is strengthened when one
considers that a higher than expected proportion of crashes involving vehicles stopped in the
roadway involve minor injuries and alower proportion of these crashes involve serious injuries.

43  Summary
In sum, it may be most useful to consider the 12 IV SAWS application situations described

in this report as fitting into one of three priority categories. The highest priority category
includes IVSAWS applications for:

signalling emergency vehicle presence,

railroad grade crossings,

multiple (compounding) hazardous conditions, and

highway construction zones.
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These applications are most likely to provide a significant safety benefit and reasonably fit the
IVSAWS application concept. The second tier of 1VSAWS applications includes IVSAWS as.

a supplemental traffic control device,

police-activated crash site IVSAWS,

school-bus or other special vehicle hazard signalling, and

signalling at temporary detour routes.
These applications have only limited and highly speculative crash reduction potential. The lowest
priority category includes IVSAWS for:

disabled trucks at the roadside,

traffic backups,

“ mini-zones’, and

accident-involved or disabled vehicles.
Each of these applications has even more limited or speculative crash reduction potential than
the second priority situations, and the costs associated with equipping all heavy trucks and
passenger vehicles are prohibitively high.

50 Signalling Recommendations

Replication of Manual of Uniform Traffic Control Devices (MUTCD) roadside signing
isnot afeasible signalling strategy for most of the IV SAWS applications identified in this report.
There are only two cases in which existing MUTCD road signs might be reproduced directly in
the vehicle (i.e., railroad grade crossings and supplemental traffic control devices). The use of
icons similar to those used in MUTCD signsiis clearly one strategy for IVSAWS signalling, and
new icons could be developed to identify 1VSAWS situations for which MUTCD icons do not
currently exist. However, drivers would have to become acquainted with these new icons for
them to be effective. It is probable that many drivers would not take the time necessary to
become fully acquainted with the new icons prior to the time they may encounter them on the
road. It is also probable that the drivers who could use the hazard information most (i.e., risky
drivers) would be the least likely to learn icon meanings prior to driving. In this case, these
drivers would only learn the new icon meanings while driving and encountering the hazardous
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situations, severely diminishing the value of the icons during the “learning trials.” In addition,
IVSAWS situations should be relatively infrequent events, thus drivers would have few occasions
to become acquainted with the new icons and their meaning. The IV SAWS message system
should also be sufficiently flexible that it could be incorporated into developing driver
information systems. These broader driver information systemswill probably utilize information
systems more sophisticated than icon replication, and the IV SAWS system should be developed
with these upcoming technologies in mind. For these reasons, we do not recommend MUTCD
replication or the development of similar icons for the IVSAWS situations identified earlier.

Signdling of IVSAWS situations should be based on thorough human factors research on
both auditory and visual information transmission systems. It is recommended that in addition
to somehow describing the hazardous situation ahead, signals should provide specific information
on the behaviors drivers should employ or be prepared to employ to avoid a crash, rather than
simply informing drivers of an upcoming hazard. This is still another reason why simple icon
use is not a recommended strategy for IVSAWS signalling.

While messages could be conveyed via auditory systems only (e.g., voice synthesis), there
may be a benefit to using an auditory signal to alert drivers of an upcoming IVSAWS message
that would be transmitted visually. A visua message could remain available for the driver to
attend to in hig’her own time, and remain available for repeated reference. On the other hand,
auditory transmission of 1VSAWS warnings would be less visualy distracting, permitting drivers
to keep their eye on the road. An auditory system could also be devel oped which would be able
to repeat messages upon driver request. The pros and cons of visual versus auditory systems or
their combination are speculative at this point and the selection of the signalling system must be
based on rigorous human factors and behaviord testing.
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APPENDIX D:
DRIVER ALERT DISTANCE ANALYSIS SCENARIO SELECTION

This appendix presents the selection of the four most significant signaling and hazardous roadway
situations from the scenarios identified as part of the IVSAWS task B effort.
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1. Abstract. The purpose of this ENB entry is to present the selection of the four most significant
sgnaling and hazardous roadway situations from the twelve scenarios identified during Task B
(see ENB B-3-1). The four scenarios which are identified are to be used in subsequent
determination of the required Driver Alert Distance Analysis. The selection is based upon inputs
from Dr. Fred Streff (UMTRI), Dr. Bob Ervin (UMTRI), and Anthony Y onik (General Motors
Research Environmenta Activities - Safety).

2. Scenarios. Thetwelve candidate scenarios asidentified in the Task B Preliminary Report are
listed in Table 1. Streff, Ervin, and Y onik have ranked the scenarios based upon relative crash
frequency, relative injury severity, and an empirica estimate of the applicability of IVSAWS
technol ogies towards crash reduction. The crash frequency and injury severity were derived from
three databases. 1) the 1989 accident files from the state of Michigan, 2) the 1989 accident files
from the state of Washington, and 3) the 1988 Genera Estimates System (GES) file produced by
the National Center for Statistics and Analysis (NCSA) of the Nationa Highway Traffic Safety
Administration(NHTSA).

Table 1. Streff. Ervin and Yonik Scenario Rankings.

IVSAWS Application Streff Rank | Ervin Rank | Yonik Rank | X Ranks || Overall Rank
Accident involved or
disabled vehicles 8.5 10 L 19.5 /
Crash sites - police activated
transmitter 8.5 6 1 15.5 4
Disabled truck at roadside 8.5 8 10 26.5 12
School bus, farm vehicle, or
other special hazard vehicle 2.5 7 7 16.5 3
Highway construction zones 5 3 5 10
Traffic backups 9 7 21
"Mini-zones" involving
roadside work 9.5 ? 7 23.3 11
Temporary detour routes 9.5 7 7 235 10
Permanent hazardous
roadway locations 9.5 2 10 215 ?
Supplemental traffic control
device > 6 ’ 18 6
Railroad grade crossings 1 2 3 6 1
Signalling emergency
vehicle presence 2.5 1 4 6.5 2
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3. Results. Based upon the overall rankings from Table 1, the following four scenarios have been
identified as situations to be used to determine IVSAWS Driver Alert Distances:

Railroad grade crossings

Signalling emergency vehicle presence
Highway construction zones

Crash sites - police activated transmitter

In addition, due to its relative high rank and the significant volume of farm vehicle traffic on the
rural highway system (IVSAWS' principle client), signalling the presence of school buses and
farm vehicles has been incorporated into the list of situations to be analyzed. Technicaly, this
situation is very similar to the emergency vehicle problem and therefore does not represent a
increase in scope. The refined list is presented below:

Railroad grade crossings

Signalling emergency vehicle/farm vehicle/special vehicle presence
Highway construction zones

Crash sites - police activated transmitter
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APPENDIX E:
DRIVER ALERT DISTANCE ANALYSIS

This appendix presents the analysis/results of the IVSAWS Driver Alert Distance (DAD) evaluation
and preliminary results for the time required to perform a corrective-action lane change.
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1. Abstract. The purpose of this ENB entry, C-2-1, isto present the analysis and results for
IVSAWS Task C, Subtask 2, Driver Alert Distance (DAD) Analysis. The SHAWS report [1]
shows that the distance required to alert a driver to a hazard via an IV SAWS warning(the Driver-
Alert Distance) exceeds the Decision Sight Distance (DSD) (see Figure 1). The report aso
tabulates preliminary results for the time required to perform a corrective-action lane change. The
DSD is defined as the distance travelled during the period of time required for adriver to detect and
recognize a hazard (from the time the hazard first enters the driver’s field of vision), decide upon a
hazard avoidance response, initiate the response, and perform the maneuver. A worst-case
IVSAWS Driver Alert Distance was evaluated in ENB C-I- 1, Communication Geometry Analysis.
Since the release of the C-I- 1 ENB, scenarios have been identified (ENB C-2-2) which are “ most
significant” with respect to the IVSAWS applique. Given this new information, Driver Alert
Distances will be re-examined using the scenario data and by verifying or correcting assumptions
made in the SHAWS report with respect to driver hazard identification and response times, AWTS,

and hazard avoidance maneuver times.

2. Assumptions, Engineering notebook C-I-1 derived a Driver Alert Distance based upon a
hypothetical scenario involving an emergency vehicle equipped with an IV SAWS transmitter
approaching a IV SAWS-receiver-equipped vehicle head on. This scenario is worst-case with
respect to DAD and the required communication range of the transmitter. Under these conditions
the required communication range was determined to be 2.7 kilometers. Since the release of ENB
C-I-1, the hazardous situation analysis task of the IV SAWS study (Task B) has been completed
and the Driver Alert Distance needs to be re-evaluated for the following reasons.

a) Task B shows that less than 0.2% of al traffic accidents involve an emergency vehicle
approaching another vehicle head-on. Due to the statistical insignificance, designing a
system that will provide coverage for this scenario while both vehicles are travelling at
99th percentile speed will result in an over-designed system since it nearly doubles the
required IV SAWS communication range (at significant increased cost) with respect to
providing coverage for al other roadway hazards .

b) More data relevant to Decision Sight Distance has been collected since the release of
ENB C-I-I.

In re-evaluating the DSD, the following assumptions have been made:

a) Scenario - The hazard situation will involve a receiver-equipped commercia truck or car
approaching a stationary transmitter. Margin will be added to the calculated DSD in order to
compensate for scenarios involving mobile transmitters approaching at modest speeds.
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Figure 1. Detection-avoidance distance (DAD) timeline.
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b) \Lehicle speeds - DSD will be evaluated for vehicle speeds of 40,50,60,70 and 80
miles per hour. Eighty miles per hour is the 98th percentile speed for interstate and rural arteria

highways based upon measurements made by Olsen, et a. [2]

¢) Hazard avoidance maneuvers - DSD will be evaluated for the following hazard
avoidance maneuvers. Complete stop prior to reaching hazard, lane change and increased driver

attention.

] U ara . The DSD time can be sub
d|V|ded into two mtervals 1) the percept|on response time and 2) the hazard avoidance maneuver
time. Paragraphs 2.1 and 2.2 evaluate these parameters for the hazard avoidance maneuvers under

consideration.

2.1 Evauation of perception-response time. Current literature based upon experimentation with
subjects performing hazard avoidance maneuvers in response to simulated roadway hazards
specify the perception-response time to be 1.6 seconds.[3],[4] However,much literature exists on
the topic of perception-response times and estimates of a design value range from 0.9 second to 4
seconds, depending on road geometry and author opinion. The American Association of State
Highway and Transportation Officials (AASHTO) recommends a design value of 2.5second|[5].
Sinceit is not the purpose of the IVSAWS study to be an exhaustive study of driver perception and
reaction, the 2.5 second value has been selected as a baseline for the evaluation of DSD and DAD.

2.2 Evaluation of hazard avoidance maneuver time. Hazard avoidance distances for the three
maneuvers outlined above are listed in Table 1 for vehicle speeds of 40,50,60,70 and 80 miles
per hour. Increased driver attention requires no vehicle maneuver and is assumed to be
Instantaneous upon driver perception of the hazard. The braking maneuver is assumed to be a
controlled stop on worn tires (2/32 inch tread), over a wet paved surface, and does not involve
wheel lock up.

TABLE1. HAZARD AVOIDANCE MANEUVER DISTANCES

Maneuver Distance (feet)
_ Increased Lane Full Stop[7]
Vehicle Speed (mph) Attention Change[6] Car Heavy truck
40 0 260 220 380
50 0 300 380 650
60 0 340 620 990
70 0 380 940 1410
80 0 420 1370 1890

[FHWA E-4]



2.3 DSD Summarv, In order to estimate DSD, the perception-response distances corresponding
to the 2.5 second perception-response time need to be added to the Table 1 values. The results are
listed in Table 2.

TABLE 2. DECISION SIGHT DISTANCES

Decision Sight Distance (feet)
_ Perception-
Vehicle Speed 'Response Increased Full Stop

(mph) Distance (feet) | Attention | Lane Change Car Heavy truck
40 150 150 410 370 530
50 180 180 480 560 825
60 220 220 560 840 1210
70 260 260 640 1200 1670
80 290 290 710 1560 | 2180

3. Warning: Effectiveness Period (WEP) and message repeat rate. In order for an IVSAWS

warning to be effective the driver should understand the warning and be attentive to the impending
hazard prior to the DSD. However, the driver should not be alerted so early that he or she
disregards or forgets the warning before the hazard presents itself. Thus, the WEP is the period of
time during which a driver can initiate a warning response (e.g., increased attention, removal of
foot from accelerator) that will increase the probability of a successful hazard avoidance maneuver.
If it is assumed that the WEP for in-vehicle and roadway €lectronic warnings are similar, the
duration of the amber phase of traffic signals might be usable as a basdline for [VSAWS warning
effectiveness. Olsen and Rothery[8] show that an amber period of 6 secondsis appropriate to
warn drivers of an impending red light for vehiclestravelling less than 50 miles per hour.
Extending their analysis to vehicle speeds of 80 miles per hour yields an amber duration of dightly
over 6 seconds. It should be noted that the analogy between amber phase duration and IVSAWS
WEP may not be entirely appropriate. Firstly, the amber period includes time for a hazard
avoidance maneuver (full stop prior to intersection); hazard avoidance is not part of the IVSAWS
WEP. Secondly, extending the amber phase beyond 6 seconds may not result in an ineffective
warning although it is a popular hypothesis that drivers treat an extension of the amber beyond
what is normally needed as an extension of the green. Thus, the IV SAWSWEP may be shorter or
longer in duration. However, a 6 second IVSAWS WEP seems like a reasonable initial estimate to
be verified or corrected during the subject testing phase of the study when considering the sparse
nature of literature about warning effectiveness periods for electronically generated in-vehicle
warnings.. Given this estimate, the IVSAWS roadway transmitter units must repeat their
broadcasts at |east once every six seconds to ensure that drivers respond to IVSAWS warnings in a

timely manner.
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4. Detection Avoidance Distance (DAD) and IV SAWS communication range The detection
avoidance distance is composed of 1) the DSD, 2) the distance travelled during the WEP, and 3)

the distance travelled by the vehicle from the point of message reception by the in-vehicle IVSAWS
receiver up to driver comprehension of the warning. The latter two DAD intervals may or may not
be mutually exclusive, depending upon the point of message reception relative to the location of the
roadway hazard. Worst case, the hazard warning will be received, processed, and presented to the
driver such that a warning response is inititated at the very beginning of the WEP. This requires
that distance be built into the DAD to cover message processing by the in-vehicle receiver, warning
generation, and driver detection and recognition of the warning (steps t0 though t4, Figure 1).
Message processing will be nearly instantaneous. Message generation could take several seconds
if speech synthesisis used. A two sentence English message could consume 5 seconds. Driver
detection and perception of the hazard message is assumed (again, due to lack of relevant literature)
to be equal to the 2.5 second hazard perception-response time described in paragraph 2.5. Table 3
lists the resulting DAD as a function of vehicle speed.

TABLE 3. DETECTION AVOIDANCE DISTANCES

Detection Avoidance Distance (feet)

Warning

Message | perception-
Vehicle | WEP | generation | response
speed | distance | distance distance | Increased Lane Full Stop
(mph) (feet) (feet) (feet) Attention | Change Car Heavy truck

40 350 290 150 940 1200 1160 1320
50 440 370 180 1170 1470 1550 1815
60 530 440 220 1410 1750 2030 2400
70 620 520 260 1660 2040 2600 3070
80 710 590 290 1880 2300 3150 3770

The corresponding required 1IVSAWS communication range is 3770 feet (1150 meters) when
vehicle and hazard are separated by a straight, flat road. As road curvature increases, the required
communication range will decrease due to geometry.

5. IVSAWS communication r v iolink | . The [VSAWS system design
under consideration has alink budget of 136 dB. The link loss corresponding to areceiver-
transmitter separation of 3770 feet over a straight, flat road has been estimated to be 107 dB at 425
MHz (see ENB C-4-2). Thus, the design under consideration has alink margin of 29dB in near
worst-case conditions (98th percentile speed, wet road, heavy vehicle, etc.) for the straight road
scenario. Figures 2 through 5 show the system link margin as a function of vehicle speed for the
three hazard avoidance manuevers considered herein and the four communication scenarios
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identified during Task C, Subtask 1. Positive link margins are maintained in all cases except when
dropouts occur due to mountain peaks intersecting the line-of-sight between the roadway
transmitter and vehicle (Scenario D), and when the required DAD requires the signa to propagate
through more than 2000 feet of trees. With the specified design, transmitter-vehicle
communication paths within the DAD with negative link margins will occur less than 1 percent of
thetime.
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APPENDIX F:
COMMUNICATION PATH GEOMETRY ANALYSIS

This appendix presents the analysis and results for IVSAWStask C, subtask 1, Communication
Path Geometry Analysis. The geometry of four IV SAWS-rel ated communication pathsare
identified with link parameters summarized for computer simulation and estimation of total path
0SS.
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1. Abstract. The purpose of this ENB entry is to present the anaysis and results for IVSAWS
Task C, Subtask 1, Communication Path Geometry Analysis. As described in the IVSAWS
workplan, the geometry of communication paths for four significant signing and hazardous
roadway situations be identified, including as applicable, those situations identified in Task B,
Subtask 3, CARDfile Data Analysis. In this context, “significant” means those situations with
geometries which will make communication most difficult, such as through dense foliage or

over alarge obstacle. As applicable, geometry will be analyzed for transmitters placed on
fixed-permanent, mobile and temporarily-deployed platforms.

2. The primary input to this subtask is the Task B Preliminary Report prepared by thelnputs.
University of Michigan Transportation Research Institute under subcontract to Hughes as part

the IVSAWS contract. The report identifies twelve traffic scenarios which have proved to be
hazardous and have remained hazardous despite application of traditional crash reduction

treatments. For each scenario, a case study is provided. Other documents used as references

for this subtask are listed in Paragraph 7 of this ENB. Information from the literature will be
supplemented with empirical data, primarily those parameters not identified in the texts which

affect communication path geometries.

3. Processing. Firstly, those key parameters which shape communication paths will be
identified and their relevance to IV SAWS communication paths will be analyzed. Secondly,
candidate IV SAWS-applicable situations will be identified and analyzed in order to bound the
parameters. The situations will be selected such that the identified parameters will be set to a
value or condition which will stressthe communication link. Where possible, the case study
geometries identified in the Task B report will be utilized. However, if it appears that none of
case studies provided will adequately bound a particular parameter a hypothetical situation will

be substituted.

4. Qutputs. The bounded parameters and hypothetical situationswill be incorporated into the
development of a set of four road geometries with corresponding terrain information. The road
geometries and surrounding terrain will be selected such that each key parameter will be set to
its “ worst case” condition (relative to the IVSAWS application) in one or more of the
geometries. The god is to identify a set of highway/terrain architectures which will stress the
communication link between the transmitter and in-vehicle receiver such that upper bounds on
the required transmitter power, receiver processing gain, etc. can be evaluated. For each
geometry, a real-world example of a highway/terrain geometry which approximates the
hypothetical case will be identified. The approximations and bounded parameters will serve as
inputs to the computer modelling effort (Task C, Subtask 6) which will estimate total
propagation loss and probability of communication statistics.
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5. Analysis.
5.1 Communication Path Loss Models.

5.1.1 Free-space Path Loss Model. With respect to the IVSAWS communication link, the
communication path geometry will affect the path loss between the transmitter and receiver.
Path loss is part of the range equation which relates received power (Py) to transmitted power
(Py) asll]

Pr = P{G;G{A2/(47R)2 )

where R is the transmission range, A is the free-space wavelength, and Gy and Gy are the
receiver and transmitter gains (losses), respectively, including antenna gains and coupling
losses. This equation can be converted to the form(2l

Pr = PampLtLalfgter (2)

where Pamp is the carrier power at the amplifier output, Lt is the antenna coupling loss at the
transmitter, Ly is channel loss due to atmosphere (e.g. absorption, rainfall), L is the free space
propagation loss, and gt and gr are the transmitter and receiver antenna gains, respectively. Lf

can be evaluated using the equation[3]

Lf(dB) = 32.5 + 20 log10(f) + 20 log10(R) 3

where f is the frequency in megahertz and R is the range in kilometers. Equation (3) is based
upon the free space propagation model which assumes a straight-line communication path
between the transmitter and receiver in vacuum. This model is inappropriate for use when
simulating the rural mobile-communication environment since the ground, trees and other
obstacles will modify or attenuate the communication path.

5.1.2 Free-space Okumura Model. In addition to the free-space model, Sklar, et al4] have
researched four other communication path-loss models, two of which, the Free-space Okumura
and Longley-Rice, are applicable to the IVSAWS study. Okumura carried out propagation
tests in the VHF and UHF frequency bands for a wide variety of natural terrain and
environmental clutter. The experimental data led to a set of charts for predicting propagation
loss above free-space loss (Lo). The charts were curve-fit in order to develop an empirical

expression for Lo:
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Lo(dB) = 37.10 + 6.16 logl0(f) - 13.82 logl0(HR) - a(HT) +
(24.9 - 6.55 |0g10HR)l0g10(R) (4)

The equation identifies two additional parameters which are affect the communication path
geometry, HT and HR, the height of the transmit and receive antennas above ground level.

5.1.3 Longley-Rice Model. The Longley-Rice model was designed to predict mean values of
path attenuation relative to the free-space loss. It is particularly useful in predicting link
propagation losses over long-range irregular terrain for which for knife-edge diffraction losses
are significant. The irregular contours and diffractions are characteristic of hilly and
mountainous environments in which the [VSAWS will have to operate. In addition to the
parameters previously identified in 5.1.1 and 5.1.2, inputs to the model include terrain
descriptions (contour and foliage).

5.2 Parameter | dentification. Thefollowing isalist of parameters which affect point-to-point
(transmitter output to receiver input) communication connectivity:

Carrier power at the amplifier output

Antenna coupling loss at the transmitter

Carrier frequency

Transmission range

Channel loss due to atmospheric effects

Transmitter and receiver antenna gains

Transmitter and receiver antenna heights above ground level
Surface reflectivity

Contour

Foliage

Surface reflectivity, not mentioned in the models described above, has a mgjor impact on
connectivity and has been added to the list. Not all of the above parameters are a function of
communication path geometry. Carrier power, antennacoupling loss, and carrier frequency
are independent of link geometries and will not be examined in the subsequent parameter
analysis.
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5.3 Parameter anaysis.

5.3.1 Transmission Range. Empirically, the required transmission range will be maximum
when the closing rate between the hazard transmitter and in-vehicle receiver is greatest. Such a
scenario would involve a transmitter-equipped vehicle and receiver-equipped vehicle travelling
in opposite directions on a highway which supports high-speed transportation. A worst-case
example could involve a police vehicle travelling at about 200 kph (120 mph), in pursuit of a
threat in front of it, and approaching a large vehicle (e.g. commercia long-haul truck) with a
long stopping distance which itself is travelling at high velocity, for example 130 kph (80 mph)
onadlick highway. The closing rate between the transmitter and receiver would be 330 kph
(200 mph). In this context, a successful hazard avoidance maneuver would result in the truck
moving to the side of the road and stopping before the threat reachesit. Here, it is assumed the
threat is 400 meters in front of the police vehicle. It is aso assumed that the IVSAWS
transmitters will be repeating the “get the heck out of the way” message at |east once a second.
The SHAWS report[5] shows that the hazard avoidance maneuver is amulti-step process. This
process is illustrated in Figure 1 and described below:

a) The transmitter must send the message to the receiver. Here, it could take up to a
second if the truck was out of communication range just prior to the last transmission.

b) The receiver must generate awarning message for the truck driver. Worst case, the
warning would be an audible message of the form, “ Emergency vehicle approaching. Please
pull the side of the road and stop”. A message of this type could take 5 seconds to synthesize.

¢) Thedriver must recognize the warning. The SHAWS report indicates recognition
could take up to 2 seconds.

d) The driver must decide upon a warning action and initiate a hazard avoidance
maneuver. The time required to perform this step is difficult to bound and is largely dependent
upon the driver's interpretation of the urgency attached to the hazard warning. The driver may
initiate the maneuver without any external confirmation of the hazard. However, the driver
may seek visual or aural confirmation of the hazard before slowing. If so, and if due to an
obstacle or turn in the road confirmation arrives a a truck-to-threat separation which is less
than the Decision Sight Distance required to avoid the hazard, the maneuver will be
unsuccessful.1 Presupposing that the driver initiates a successful response based upon the
[VSAWS warning (whether or not the threat is visually detectable) upper bound estimates of
the decision-initiation time are between 7 and 8 seconds.

1The Decision Sight Distance is the distance required in order to perform a hazard avoidance
maneuver when visua notification is the only means of threat detection.
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VEHICLE DRIVER IVSAWS
STEP | TIME ACTIONS ACTIONS RECEIVER HUMAN FACTORS
Vehicle Driver uses normal No Action - signal not yet
1 t0 approaches driving skills detected
hazard
2 t0 Signal is detected,
analyzed and
warning selected a
e}
3 t1 Warning is generated &
by visual and/or S
aural synthesizers g
]
4 t2 Driver detects w E
warning signal 2 o
O w
. . > w
5 t3 Driver recognizes S w
warning % 2
= z
4
6 t4 Driver decides a g
warning action e
<
>
7 t5 Driver begins warning e
response 1
Vehicle is in
8 16 line-of-
sight of hazard
L -
=
-
9 17 Driver detecis hazard 8
<
10 18 Driver recognizes o
hazard Q
b
G
Driver decides on 7]
11 19 hazard avoidance 5
response 7}
@
12 t10 Driver begins hazard Q
avoidance response
13 t11 Vehicle avoids | Driver continues
hazard normal driving 1
Scenario: Driver is driving, using normal driving skills, and is unknowingly approaching a

hazard. The hazard may be unseen and, even assuming ideal driving conditions, is

situated such that there is insufficient decision-sight distance to avoid emergency

maneuvers and/or accident.

Figure 1. Generalized Hazard Avoidance Time Line Using IVSAWSI6].
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€) The maneuver must complete. Similar to step (d), the time (distance) to complete
the maneuver is dependent upon driver judgement. Given advance warning, the driver should
not initiate a panic maneuver. That is, the stopping distance will greater than the minimum. On
adlick highway the driver might apply especialy light brake pedal pressure in order to avoid a
potential skid. For this report the stopping distance has been assigned an upper bound of 800
meters. Thisestimate will be changed if reports ordered relevant to heavy truck braking
performance warrant such a modification. The former analysis and Equation 5, below, yield
an upper bound transmission range (R) of 2.7 kilometers (1.7 miles).

R= 1 second [step (A)] (5)
5 seconds [step (b)]
2 seconds [step ()]
+ 8 seconds [step (d)]
16 seconds x 92 meters/sec closing rate = 1500 meters
800 meters [step ()]
+ _400 meters [threat-transmitter separation]
2700 meters

The transmission range is largely a linear function of the transmitter-receiver closing rate.
Thus, the required transmission range for permanent fixed-site and temporarily-deployed
transmitters will be considerably less since the velocity of these platforms is zero. Using
assumptions similar to those above, the required ranges for fixed and temporary transmitters
areboth 1.4 kilometers (0.9 mile).

5.3.2 Channel L oss Due to Atmospheric Effects. With respect to the IVSAWS application,
atmospheric effects are negligible. The frequency band utilized by the IVSAWS will be under
2.5 GHz. Atmospheric effects are insignificant at frequencies below 3 GHz. For example, at
3 GHz rain falling at a rate of 100 millimeters per hour (4 inches per hour) will cause 0.04
dB/km excess path attenuation. Thus, channel losses due to atmospheric effects will be
ignored.

5.3.3 Transmitter and receiver antenna gains The communication path geometry will affect

the transmitter and receiver antenna gains achieved. Communication will be most difficult if
the receiving and transmitting antenna beam patterns are tightly focused and the beams point in
directions which are perpendicular to each other. However, this extreme case will not be
encountered in an 1VSAWS application since the in-vehicle receiver will utilize an omni-
directional antennain order to provide 360° coverage. Transmitterslocated at fixed-permanent
locations might utilize directional antennas. However, “beam pointing” losses can beignored
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since the topography is known in advance and stationary: If necessary, the transmit beam
pattern can be shaped to fit the required communication path geometry. In fixed-transmitter
scenarios where a single transmitter can not provide adequate coverage multiple transmitters or
repeaters can be used. Conversely, antennas mounted on temporarily-deployed transmitters
should be omni-directional; in some deployments an omni pattern will be desirable and the
deployable transmitters must be able to cover this general case; omni-directional antennas are
also more compact and rugged (e.g. short dipole "rubber duckie" antenna) than directional
antennas and are therefore well suited to the abuse temporarily-deployed transmitters must
endure. Similarly, mobile transmitters are likely to use some form of dipole in order to provide
omni-directional coverage when necessary. Thus, with respect to communication path
geometry and IVSAWS-relevant antenna directionality characteristics, worst case will involve
an "omni-to-omni" link at a high elevation angle (see Figure 2, below).

Transmitter Antenna

Receiver Antenna

Figure 2. Two-Dimensional Transmitter and Receiver Antenna Elevation Angles.

For example, if the transmitter and receiver where located on different legs of a switchback
highway, the angles ¢T and ¢R might, worst case, approach 60 degrees. In this case, and

assuming short dipoles (length << A; g = 1.5) are used at both receiver and transmitter, the
effective gains of the antennas will each be reduced to .38 by the equation(”]

Effective gain = g cos2 ¢ (6)

This can be modelled by assuming a flat road condition and inserting an additional 12 dB worth
of path loss. However, on steep and curved highways the maximum closing rate between the
receiver and transmitter, and thus the required transmission range, will be less than that on a
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flat high-speed roadway. Empirically, closing rates should not exceed 190 kph (120 mph).
The required transmission range (2.0 km using Equation 5) will be further reduced due to
geometry: The communication path between the transmitter and receiver will still be a straight
line yet the length of highway that the vehicles must travel until they meet will be considerably
longer. A precursory examination indicates that in order to provide warning at areceiver-to-
transmitter separation of 2.0 kilometers, the required communication range will not exceed 1.0
km. An examination of topographical maps covering three well-travelled highways with
corresponding steep communication elevation angles will be used to confirm this initial estimate
and be incorporated into the first revision of this ENB. Thus, due to reduced vehicle speeds
and the geometry of mountainous highways, the free-space path losswill be reduced by 10dB
(using Equations 4 and 5). Again, this can be modelled by assuming aflat road condition and
subtracting 10 dB worth of path loss. Thus, worst case, a maximum net loss of 2 dB will be
incurred due to communication path geometries with steep antenna elevation angles. In short,
as long as mobile transmitters and |V SAWS receivers utilize low-gain antennas with wide half-
power beamwidths, losses incurred by the geometry of the antenna beam patterns will be
largely offset by a decrease in propagation |oss due to a decrease in the required transmission
range. As the elevation angles decrease, path loss due to increasing required transmission
range will grow, but the effective transmitter and receiver antenna gains will increase more
rapidly. Net communication degradation in environments with large elevation separations
between the transmitter and receiver should be less than 2 dB.

5.3.4 Transmitter and receiver antenna heights above around level. According to Equation 4,
transmission losses due to antenna height will be maximum when the antenna is closest to the

ground. Paragraphs 5.3.4.1 through 5.3.4.4 estimate the minimum antenna heights for each
of thelVSAWS platforms. The minimum estimates will serve asinputsto the computer
modelling task which, as described in Paragraph 4, will compute the excess mean path loss as
afunction of antenna height.

5.3.4.1 1VSAWS-equipued vehicles. Idedlly, in-vehicle receivers should have their antennas
mounted at the roofline. However, due to cost and aesthetic considerations this may not be
desirable: Most vehicles come equipped with a long dipole antenna (AM/FM) located at the
hoodline and utilization of this asset must considered. The height of this antennais seldom less
than 1 meter. Thus, HR will be set to 1.0 meter when modelling the effects of receiver antenna

height (Task C, Subtask 6, Computer Modelling).

5.3.4.2 Deplovable transmitters, In most situations transmitters deployed from emergency or
maintenance vehicles will sit on the ground. An antenna extension (boom) of some type will
be needed in order to avoid excessive losses. At aminimum, a 1.5 meter boom should be
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storable in the trunk of an emergency vehicle (assuming the transmitter, boom, and antenna
could be stored as separate assemblies). Thus, HT will be set to 1.5 meters when modelling

the effects of deployable transmitter antenna height.

5.3.4.3 Mobile transmitters. Unlike passenger vehicles, aesthetic concerns are not a major
issue for emergency vehicles, buses, farm vehicles, etc.. Mounting an antenna at the roofline
is desirable in order to minimize losses. Of the vehicles which are candidates for mobile
transmitter installation, police cars and other modified passenger vehicles have the lowest
rooflines; approximately 1.5 meters. Thus, HT will be set to 1.5 meters when modelling the

effects of mobile transmitter antenna height.

5.3.4.4 Fixed transmitters, At fixed transmitter sites (e.g. hazardous turn, railroad crossing,
icy bridge) it will be possible to elevate the antenna. In most situations a sign post, bridge
trestle or other fixed object will be available on which to mount the antenna. If not, a pole can
be sunk to provide adequate elevation. In any case, it should be possible to elevate the antenna
at least 4 meters. Thus, HT will be set to 4.0 meters when modelling the effects of fixed

transmitter antenna height.

5.3.5 _Surface reflectivity. In the IVSAWS environment radio waves will reflect off of many
sources including hills, roads, aircraft and buildings. The primary effect of the reflections will
be to introduce multipath fading. The multipath fading will be worst when a reflected signal
and the desired signal arrive at the receiver 180° out of phase and destructively interfere with
each other. If the amplitude of the reflected and desired signal are nearly equal, a deep fade
will occur and communication will be effectively blocked. This type of multipath fading is
called Rayleigh fading and is “far and away the most difficult challenge of the mobile (radio)
environment 18". The effect of multipath fading is most pronounced in environmentswith a
large number of reflectors (e.g. city street with tall buildings). Yet evenin the rural
environment, aircraft, road surfaces, canyon wallsand signswill produce numerous and
significant fades. At frequencies above 100 MHz, the maximum fades will occur hundreds of
times per second when the receiving vehicle is travelling a modest speeds. Even in a static
environment the location and depth of multipath fades is difficult to predict; objects that seem to
be unlikely reflectors will reflect; an apparently insignificant reflection path will bounce off
another reflector and become significant. The use of omni-directional transmitter antennas
further complicates the problem by increasing the number of possible reflection paths with
respect to narrow-beam point-to-point communication. Due to the imprecision and complexity
associated with analyzing this problem, the geometry (location) of multipath fades will not be
predicted or computer modelled. Rather, it will be assumed that frequent and severe fades will
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occur inthe IV SAWS environment and waveform design (Subtask 4) will be used to minimize
the impact of fading on communication performance.

5.3.6 Contour, The losses due to non line-of-sight communication over an ideal knife edge
can be calculated as a function of frequency, distance from the transmitter to the edge, distance
from the receiver to the edge, and height of the edge. However, the mountains, hills, and other
obstacles likely to be encountered in an IVSAWS application will diverge considerably from
theideal case. Losses over rea-world edges are typically 10 to 20 dB greater than theideal
casg9). The effects of hills, mountains, and knife-edges with respect to excess mean path loss
will be simulated by Hughes Longley-Rice computer model for at least two IVSAWS-relevant
scenarios with such topography.

5.3.7 Edliage. In general, foliage will act as an attenuator between the receiver and
transmitter. WWooded areas are particularly strong atenuatorg10]. The effects of trees with
respect to excess mean path loss will be simulated by Hughes Longley-Rice computer model
for at least one IVSAWS-relevant scenario with such topography.

6. Scenario Selection, Based upon the previous parameter analysis, four scenarios have been
identified for computer simulation and estimation of total path loss. The scenarios and

associated link parameters are summarized in Table I:

Tablel. Scenario Selection

Scenario Parameter Stressed by Scenario
Straight, flat high-speed highway Communication range
Curved highway through trees Foliage attenuation, antenna elevation angles
Highway throughrolling hills Diffraction loss due to contour
Curved road with interleaving mountains Diffraction loss due to contour

For each scenario, three cases will be modelled: mobile transmitter, temporarily-deployed
transmitter, and fixed-site transmitter. Thus, the effects of transmitter and receiver antenna
heights will be modelled for each IV SAWS deployment option. As mentioned previously, the
geometry (location) of multipath fades due to surface reflections will not be modelled.

6.1 Straight flat high-speed highway scenario (Scenaria A). Site selection for this scenario is

somewhat arbitrary since straight and flat stretches of highway are numerous. Case #6 from
the IVSAWSTask B preliminary report was chosen to model this geometry (see Figure 3).
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The stretch of road involved is U.S. Highway 23 near its intersection with Michigan Highway
14. The parameters for this scenario are listed in Table I1.

6.2 Curved highway through trees (Scenario B). U.S. Highway 89 Alternate, approximately
13 miles north of Sedona, Arizona was selected to emulate this scenario (see Figure 4). At the

northern end of Oak Creek Canyon, the highway has sharp curves and covers a significant
elevation differentia (approximately 700 ft differential in 2 miles). Through this region, posted
speed limits drop to 15 mph. Foliage along thisroute is dominated by dense oak and pine
woods. The parameters for this scenario are listed in Table I11.

6.3 Highway through rolling hills (Scenario C). U.S. Highway 385, approximately 1 mile
south of Hot Springs, South Dakota was selected to emulate this scenario. Figure 5 showsthe

heights of the hills over which the radio waves must propagate. A topographic map like those
shown in Figures 4 and 6 has been ordered and will replace the sketch in a subsequent revision
of this ENB. The parameters for this scenario are listed in Table IV.

6.4 Curved road with interleaving mountains (Scenario D). Interstate 90, through Snogquamie

Pass, Washington was selected to emulate this scenario. Figure 6 shows the mountain over
which the radio waves must propagate. The parameters for this scenario are listed in Table V.
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SCENARIOS

1. TABLEII. Scenario A Parameters. Straight and flat highway. Line of sight
communication between transmitter and receivers. Communication rangeis
maximized in this scenario.

2. TABLElI. Scenario B Parameters. Curved highway through dense woods.
Significant antenna elevation angle

3. TABLE V. Scenario C Parameters. Curved highway through dense woods.
Significant antenna elevation angle.

4. TABLEYV. Scenario D Parameters. Curved highway with interleaving mountains.

5. FIGURE 3. Scenario A — Straight, flat high-speed highway

6. FIGURE 4. Scenario B — Curved highway through trees.

7. FIGURE 5. Scenario C — Highway through rolling hills.

8. FIGURE 6. Curved road with interleaving mountains.
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APPENDIX G:
INVEHICLE SAFETY ADVISORY AND WARNING SYSTEM (IVSAWS)
TASK E REPORT,
RESULTS OF THE DRIVER ALERT WARNING SYSTEM DESIGN
MOCKUP TESTING AND EVALUATION

This appendix describes the human factors approach, methods, and conclusions for the survey and
analysis of the candidate Driver Alert Warning System (DAWS). Empirical testing of selected
symbols and candidate auditory mges were evaluated using a foam-core mockup environment.
Driver symbol recognition, understanding, and responses are analyzed.
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Task E Report for the In-Vehicle Safety Advisory and Warning
System (IVSAWS) Driver-Alert Warning System Design Mockup Testing

1.0 Introduction

As identified in the Workplan for IVSAWS, Task E was performed by Hughes GSG
Human Factors using a static mockup environment. Hughes created a minimum
foamcore mockup environment and conducted empirical testing of selected symbols, or
telltales, for driver recognizability, comprehensibility and effectiveness. Symbols were
presented using both limited monochrome and color applications. Colors were selected
based on probable hazard levels defined in Report No. FHWA/RD-81/124 and in IVSAWS
Task B University of Michigan Transportation Research Institute (UMTRI) Report. The
selected symbols were tested individually as well as paired with blink, audio tone, voice
and text messages. The number of symbols and the various modes of presentation were
limited due to time and cost constraints. From the 12 hazard situations identified by
UMTRI's report, eight symbols were developed and tested.

Reach and vision analysis of the drivers in the static mockup utilized the information
provided in SAE standards J287, “Driver Passenger Manuals for General Rules on Arm
Reach”, SAE Recommended Practice J1052 (1985) “Motor Vehicle Driver and Passenger
Head Position”, as well as information derived from General Motors and GM Hughes
Electronics publications. The volumetric interior space within the driver compartment and
the positioning of the DAWS were simulated in the mockup.

Candidate visual text displays and candidate auditory messages were selected
based on Tasks B, C and D data. These candidate text and visual messages will assist in
determining the superior candidate messages and configuration that will be evaluated
during Tasks F, Proof-of-Concept Driver-Alert Warning System and G, System Concept
Test and Demonstration.

This Task E Report describes the approach, method and conclusions for the survey
and analysis of the candidate DAWS system. The Report defines the analyses for driver
symbol recognition, understanding and responses for driver reach and vision in separate
sections of this report. The results of both analyses are summarized in this report.
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2.0 Background and Task Interrelationships

As part of the Hughes system engineering approach to the development of a
comprehensive assessment and baseline design for the IVSAWS concept, Task E, within
the multi-phase study, provides an initial evaluation of the basic research and data
developed during the preceding Tasks A through D. Task B, Subtasks 1 through 5,
provided the data for hazard situation identification and prioritization of the situations as
developed by UMTRI. Table 2 - 1 shows the hazard situations and the prioritization
developed by UMTRI and applied to IVSAWS applications. In addition, analysis by
Hughes GSG Human Factor Task B, Subtask 6, included recommendations for telltales
and the context for driver visual and auditory messages. Tasks C and D reviewed and
selected an appropriate communications technology for alerting drivers to advisory and
safety signing, and roadway hazards. These data were based on analyses of worst-case
situations and on signal propagation distances.

The key areas that provided input to Task E were focused upon four signalling
categories and parameters, these were:

1. The use of visual mode displays and indicators presenting combinations of
graphic symbols (icons), color and text.

2. The use of audio mode presenting tones, audio symbols and/or
synthesized speech.

3. Driver control of alert signalling parameters and modes, including driver
override, message acknowledgement, and/or message repetition

commands.

4. The length and signalling intensity of messages to be presented to the
driver.

Task E was concerned with the application of the first two signalling categories and
with the combined human factors and communications engineering results of the
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Table 2 - 1. UMTRI Ranking of IVSAWS Applications

IVSAWS Applicatior Crash Data Ranl Overall
Rank
Crash Injury
Freq. Severity
Signalling emergency 5 2-3 1
vehicle presence
Railroad grade crossings 6 1 2
Multiple (compounding) 3 2-3 2
hazardous conditions
Highway construction zones 2 5-6 3
Supplemental traffic control NA NA 4
device
Crash site — police activated NA NA 4
School bus or other special 4 4 5
vehicle hazard
Temporary detour routes NA NA 5
Disabled truck at roadside NA NA 6
"Mini-zones" involving NA NA 7
roadside work
Traffic Backups NA NA 7
Accident-involved or 1 5-6 8

disabled vehicies
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third and fourth category. The Hughes Human Factors signalling presentation analysis
resulting from Task B, Subtask 6, shown in Table 2-2, provided the basis for signal and
message enumeration. Within Table 2-2, the IVSAWS Applications column identifies those
situations that UMTRI categorized and ranked based upon analyses of crash data and driver
information needs implied by crash documentation.

The columns entitled Alerting Messages and Action Advisories provided the basis for
text and audio messages used in Task E analysis. These messages formed a portion of the
final recommendations of Task B, Subtask 6. Additional recommendations included; sensory
format, to present advisory messages in a bi-sensory format to minimize driver attention and
visual workload, and to carefully consider special or unique symbols for presentation to the
driver. In addition to the concern for presentation of unique symbols, careful consideration for
the positioning of a vehicle’s primary control suite was recommended.

The concern for positioning of the Driver Advisory Warning System (DAWS), within
Task E, required not only consideration of the above Task B recommendations for message
formats and special symbols, but also the provision for estimated driver workload. Task C
analyses combined the data from Task B with the analysis of radio transmission and receiver
characteristics and with estimated driver reception and response times.

Task C analysis provided analytic evaluation for IVSAWS Driver Alert Distances
(DAD). The Driver Alert Distance is the distance from a hazard that a driver must be warned
so that the driver can perceive the situation and respond accordingly. The SHAWS report
showed that the DAD exceeds the distance at which the hazard first enters the driver’s field of
vision . As shown in Figure 2-1, the DAD is composed of a warning generation time, a
warning effectiveness period (Wp), and a Decision Sight Distance (DSD). The DSD is
defined as the distance travelled during the period of time required for a driver to detect and
recognize a hazard , decide upon a hazard avoidance response, initiate the response, and
perform the maneuver. The time required and the distance covered depends on the type of
maneuver and the type of vehicle. The three types of maneuvers were designated as:
increased attention, a lane change, and a full stop. The SHAWS report also tabulated
preliminary results for the time required to perform a corrective lane change. The two types
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Table 2-2. Task B IVSAWS Alerting Messages
(Derived from Analyses of UMTRI Subtasks 3 and 4.)

IVSAWS Applications

Alerting Messages

Action Advisory

Emergency Vehicle (EV)
Presence

EV ahead/stopped
EV approaching
EV near, location unknown

Slow down
Stop
Pull over to right & stop

Railroad Grade Crossings

RR grade crossings ahead

Prepare to stop

Multiple (Compounding)
Hazardous Conditions

Hazard situation ahead
Hazard situation in area,
location diffuse

Slow down

Slow to xx_mph

Stop

Merge right

Merge left

Pull over to right & stop
Pull over to left & stop
Change lane 8 slow
Accelerate to x x mph
Turn on headlights
Turn off headlights
Remain in vehicle

Leave/abandon vehicle

Highway Construction Zones

Construction zone ahead

Slow down
Prepare to stop
Stop

Supplemental Traffic Control
Device (STCD)

STCD ahead
STCD in area, location is
uncentain

Be alert to unusual traffic control
signals/devices

Crash Site - Police Activated

Crash site ahead
Crash site in area

Slow down

stop

Change lanes (right or left)
Turn (right/left) at next

intersection
School Bus or Other Special Bus or OSV ahead Slow down
Vehicle (OSV) Hazard Bus or OSV in area Prepare to Stop
stop

Temporary Detour Routes

Detour(s) ahead

Slow and take notice of detour
instructions

Disabled Truck (DT) at Roadside

DT ahead at roadside on the
right

DT ahead at roadside on the
left

Slow and avoid right side of road
Slow and avoid left side of road

Mini-Zones Involving Roadside | Roadside work ahead Slow down
work Prepare to stop
stop
Traffic Backups Traffic queue ahead Be alert
Traffic queue in area Slow down
Turn to alternate route (xxX)
Accident Involved or Disabled Accident or disabled vehicle Be alert
Vehicle(s) ahead Slow down

Turn to alternate route (Xxx)
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VEHICLE DRIVER IVSAWS HUMAN
STEP | TME | ActioNs |  ACTIONS UNIT FACTORS
Vehicle Driver uses No Action.
1 to approaches | normal Signal not
hazard driving skills yet detected
Signal detected
2 ty Signal analyzed
Waming selected
Warning generated
3 ty by visual and
aural synthesizers
4 t Driver detects T
2 warning signal w
5 t3 Drive:r understands g
warning a
2l
6 | u Driver decides 5 & 2
warning response Q a
Q
Driver begins % 5
71" warning response = %
Vehicle in T >
8 ts sight of =
hazard B
%
t Driver detects w =
21 hazard & a
Dri . 8
river recognizes
10 | s hazard 2
4
Driver decides .
111 Y hazard avoidance S
response ;
o
Driver begins g
12 | Yo hazard avoidance 2
response
13 |ty zﬁ;ﬁe Driver cor_lti.nues
t i normal driving 4

Figure 2-1. Driver Alert Distance Timeline
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of vehicles considered were passenger vehicles and commercial trucks. Combining the
various factors yields an overall distance which is then the IVSAWS communication range.

As Task C reported, the DSD time was sub-divided into two intervals: 1) the
perception-response time and 2) the hazard avoidance maneuver time. These two
parameters were evaluated for the hazard avoidance maneuvers under consideration.

Task C identified that perception response times are determined through
experimentation. Subjects perform hazard avoidance maneuvers in response to simulated
roadway hazards and the elapsed time is measured. Current literature from these
experiments specify the perception-response time to be 1.6 seconds. However, much
literature exists on the topic of perception-response times and estimates of a design value
range from 0.9 second to 4 seconds, depending on road geometry and author opinion. The
American Association of State Highway and Transportation Officials (AASHTO)
recommends a design value of 2.5 seconds. Because the purpose of the IVSAWS study is
not an exhaustive study of driver perception and reaction, the 2.5 second value was
selected as a baseline for the evaluation of DSD and DAD.

Hazard avoidance distances for the three maneuvers outlined above are listed in
Table 2 - 3 for vehicle speeds of 40, 50, 60 ,70 and 80 miles per hour. Increased driver
attention requires no vehicle maneuver and is assumed to be instantaneous upon driver
perception of the hazard. The braking maneuver is assumed to be a controlled stop on worn
tires (2/32 inch tread) over a wet paved surface without wheel lock up.
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Table 2 - 3. Hazard Avoidance Maneuver Distances

Maneuver Distance (feet)
Increased Lane Full Stop
Vehicle Speed (mph) | Attention | Chanae Car Heavy truck
40 0 260 220 380
50 0 300 380 650
60 0 340 620 990
70 0 380 940 1410
80 0 420 1370 1890

The DSD estimates are obtained by adding the 2.5 second perception-response
time to the hazard avoidance maneuver distances in Table 2 -3. The additional elapsed
time for the perception-response translates into additional distance as a function of vehicle
speed. The resulting DSD are shown in Table 2 - 4.

Table 2 - 4. Decision Sight Distances

Decision Sigjht Distance (#eet)
Perception-

Vehicle Response Increased | Lane Full Stop
Speed (mph) | Distance (feet)|Attention Change Car Heavy truck
40 150 150 410 370 530

50 180 180 480 560 825

60 220 220 560 840 1210

70 260 260 640 1200 1670

80 290 290 710 1560 2180

Task C concluded that, considering the sparse nature of literature about
warning effectiveness periods for electronically generated in-vehicle warnings, a six second
IVSAWS warning effectiveness period was a reasonable initial estimate. This could be
verified or corrected during the subject testing phase of the study. Given this estimate, the
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IVSAWS warning units must repeat their broadcasts at least once every six seconds to
ensure that drivers respond to IVSAWS warnings in a timely manner.

The overall conclusions and recommendations derived from Tasks A through Task
C, formed the database for the initiation of Task E. Task B provided the identification and
prioritization of vehicle crash and hazardous situations. It also provided the initial
identification and recommendations of symbols/pictograms and the audio and text warning
messages for the prioritized crash situations. Task C identified critical warning effectiveness
time-frames and driver alert distances. Additional data provided by Task D included the
identification of the type of equipment necessary to demonstrate the communication
architecture. For the preliminary design, the driver alert module recommended includes a
symbol/icon display on the instrument panel, a speech synthesis unit with speaker and a
CRT display.

3.0 Objective

The primary objective of the Task E study is to evaluate alternative signalling
presentations, codes and symbologies for driver alerting and to evaluate the Driver- Alert
Warning System (DAWS) positioning within the vehicle. The DAWS represents those
components (hardware and software) resident in a vehicle which are used to convey
information concerning advisory, safety and hazard situations to the driver of the vehicle.

Tasks C and D evaluated the relative importance of the human factors attributes in
relation to the hardware/software aspects of the DAWS. For the purposes of the Task E
study, these human factors attributes were considered more important than the specific
hardware/software attributes. Specifically, comprehensibility
(understanding/interpretation), relative effectiveness (correctness of response, accuracy),
human reliability (error control) and signalling format (voice, tone, text, symbol) were
considered to be of prime importance. Consideration of accessibility/location (ease of
access) and physical attributes (size of buttons, character size) were secondary, but
important to the overall concept of the DAWS. For these reasons a static mockup to
evaluate the DAWS, although not conducive to accurate driver anthropometric
measurements and to the establishment of an appropriate driver mind-set, was considered
adequate for the establishment of Task F and Task G baselines. Empirical measurement
and evaluation of driver reaction time and accuracy of driver physical responses will await
Task G simulation and test.
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4.0 Methodology/Procedure and Subtasks

The testing of a static mockup DAWS was predicated on data derived from Tasks A
through D. The candidate DAWS was tested in a static environment in the Human Factors
Laboratory at Ground Systems Group, Fullerton, California. Figure 4-1 shows a
representative sketch of the mockup used for the testing of the DAWS. The Task E
Workplan established three specific subtasks to be performed during Task E. These
subtasks provided the baseline for the equipment used during testing, the populations
sampled as well as the methods and procedures for the DAWS test and evaluation. The
subtasks involved DAWS design, DAWS testing and preparation of a Task E report. The
details of these subtasks were:

A. Driver-Alert Warning System Design
1. Selection of appropriate driver display; tell-tales/pictograms, Head-up
display, CRT monitor
2. Define system parameters; display format and position, equipment
arrangement, legibility, auditory alerts, voice output, accessibility
3. Soft mockup for test-bench design; standardization of display
segments and voice/audio tone output, identification of hazard
nomenclature

B. DAWS Mockup Testing
1. Review driver task data; FHWA/RD-81-24, NHTSA Task Analysis
2. Test DAWS in static environment
. Anthropometric analysis
. Three subject groups; young, middle-aged and mature
. Test selected pictograms for recognizability, appropriateness,
comprehensibility and effectiveness
. Reach and vision analysis
. Evaluate candidate visual displays
. Evaluate auditory messages

C. Prepare Task E Report

1. Summary of test and evaluation design
2. Report of evaluation process and results
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4.1 Establishment of mockup and test methods

Based on the Task E subtasks and tests to be conducted within a static mockup, an
environment using a mockup constructed of soft foamcore and standard office furniture
were used as the driver enclosure. This provided a designated “driver” area.

The data provided by Tasks C and D identified the use of a CRT display as the driver
receiver and interface. Within Task E, the use of a head-up display was not amenable to a
static mockup. Therefore, a Macintosh Il display was selected. The Macintosh permitted
the use of visual text as well as auditory tones and text using Supercard software. By
careful software programming, the Macintosh mouse was able to be used as illustrative of
a DAWS *“turn-on” button for voice and displayed text messages.

The selected DAWS pictograms/symbols were programmed into the Supercard
software as the test questionnaire was developed. The pictograms are shown in
Attachment A and the developed questionnaire is enclosed as Attachment B. Pre-test
trials identified corrections to the questionnaire prior to its use in the established test.
Figure 4 - 2, shows the format used for the majority of the questionnaire. Each
presentation of eight different pictograms to the tested subjects, involved six different
formats (subsets A through F), that used pictograms presented in monochrome then color,
then associated with flash (four per second), audio tone, long voice and text messages
and finally short voice and text messages. The pictograms used depicted,;

. Fire Vehicle

. Farm Vehicle

. Police Vehicle

. Emergency Vehicle
. Rail Road Crossing

. Construction Zone

. Accident/Crash Site
. Hazard Alert

Each of the eight pictograms were presented to the subjects using the six different
presentation formats described above. (A video tape showing the presentations will be
submitted to the FHWA). A final set of presentations with alternating flash/blink between
“Hazard Alert” and a selected pictogram was used for the presentation set 9, 10 and 11.
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IVSAWS TASK E SYMBOL SIGNALLING TEST

Symbol:

Screen Do you What meaning does What action would
Frame No. Recoanize it? it have for you? you take?

1.A Mono.

1.B. Color

1.C. Color
Flash

1.D. Color
Tone

1.E. Color
Tone
Text

(long)
Voice

1.F. Color
Tone
Text

(short)
Voice

Which one of the above do you prefer?

Why?

What would you change or add?

Figure 4 - 2. Questionnaire Format for Pictogram 1 - 8
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The pictograms that alternated with the Hazard Alert pictogram were; Emergency Vehicle,
Rail Road Crossing and Farm Vehicle. This form of presentation had been suggested by
Mr. Tony Yanik, Environmental Activities Staff of General Motors. Mr. Yanik is a leading
authority in regard to mature drivers and their driving behavior and driving limitations.

The test subjects were selected from Hughes Ground Systems personnel. The
subjects were asked to identify sex, age group and physical height. Educational level was
not requested, however, the subjects were drawn from different levels within Hughes
including clerical, hourly and engineering. The 13 total subjects with representation in
three age groups of young, 16 - 30 (four persons), middle-aged, 31 - 50 (six persons) and
mature, 51 and over (three persons).

4.2 Test procedures

At the onset of Task E, it was recognized that a static mockup would provide minimal
automotive fidelity and that the DAWS would be a new system not within the experience of
the test subjects. For this reason the introduction to the test questionnaire provided a
description of the IVSAWS Program and an introduction to the Task E DAWS evaluation
(Attachment B). In addition, only two of the eight pictograms presented, Rail Road
Crossing and Construction Zone, were expected to be familiar to the subjects. For these
reasons a subjective, free-text response questionnaire was used.

Pre-test trials identified that subjects completing their own questionnaire while
viewing the presentations would transcribe their comments in detail for each subset of
pictograms. The time for completion for the pre-test group ranged from one hour to one
and one/half hours when allowed to pause, verbalize and then write their comments or
answers. During actual testing, subjects were allowed the choice of completing their
questionnaire or to allow the test monitor to transcribe their answers and comments. In
both cases, ditto marks (“) were permitted for similar responses rather than completion of
repetitive comments.

Test subjects were brought into the Human Factors Laboratory on a scheduled
basis and introduced to the DAWS mockup. Each subject was first asked about their
computer familiarity. Although the interface with the DAWS test required minimum action
on the part of each subject, a common set on instructions were used during the
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introduction phase. (Reference page 2 of Attachment B). To change the presentation the
subject was required to press the “RETURN” key. During the fifth and sixth sub-set
(subsets E and F), of each presentation, the subjects was required to reach for, and press,
the “MOUSE BUTTON.” The last page of the questionnaire was always completed by the
subject. This page provided the subject with the opportunity to summarize reactions and
understanding of the DAWS presentation and to rank the presentations based upon the
subject’s preference.

The test procedure followed the following sequence:

1. Introduction to the soft foamcore mockup and equipment.
2. Introduction to IVSAWS.
3. Introduction to the process for responding to the presentation.

4. Test monitor gives the subject the questionnaire and requests the subject to
read and complete the first page and to continue on to the second page.

5. Test monitor answers to any questions asked by the subject.

6. Test monitor reinforces each subject to consider the potential rural or
urban setting during testing and for the use of the DAWS.

6. Test monitor asks subject if he/she will complete the questionnaire. If the test
monitor is to transcribe the subject’s responses, the subject is told that some
clarification may be required to assure accuracy of response.

7. Test monitor reinforces that presentations will be number 1 through 11.
That sequences 1 through 8 contain sub-sets alphabetized A through F and
that sequences D and F will require and added action, the use of the mouse
button to obtain the complete signal presentation.

8. Test is initiated by subject.

9. At completion of presentation 11 the subject is given the questionnaire, or is
asked to complete the last, summary page

The above sequence was followed for each subject. No subject appeared to be
confused by either the use of the Macintosh computer or of the purpose of the test. Each
subject provided a complete set of responses and no data were nullified. The time of
completion for the thirteen subjects ranged from 35 minutes to one hour. The test monitor
responded identically to similar questions asked by various subjects.
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5.0 DAWS Positioning Analysis

Since the static mockup contained minimal automotive fidelity, only subjective reach
data could be obtained. In this regard, summary question Number 4 (last page - page 14 -
of Appendix B), requested the subjects to respond to the effect upon the driver, “to have to
reach for and press a key for additional information.” Further questions refined the
response by asking if the additional information was worth the added effort. In 10 of the 13
responses, the subjects felt that the effort were worth the effort. The three negative
responses were from males, two in the 51 and over group and one in the 16-30 group.

The three negatives would reconsider if the “messages were more direct” or if the “button”
was located on the steering wheel hub.

The analysis of the DAWS positioning required that existing automotive and military
standards be reviewed to determine the causal anthropometric factors for appropriate
human interface with the DAWS. In this regard two primary factors must be considered;
visual angle and reach distances. Each of these factors is somewhat dependent on driver
positioning (the automotive term is “seat reference point” - SQRP- in the design realm of
“occupant packaging”), within the vehicle. For visual angle considerations MIL-STD-
1477A, Military Standard - Symbols for Army Air Defense System Displays, and MIL-STD-
14720, Human Engineering Criteria for Military Systems, Equipment, and Facilities, and
Campbell, J. L., Analysis of Alphanumeric Symbology Requirements for Automotive
Displays, 1989, were used to provide a baseline for establishing DAWS requirements.

There is minimal disparity between the data. For visual acquisition and recognition
of alphanumeric characters, a minimum subtended visual angle of not less than 15 - 16
minutes of arc when measured from the driver’s eye in its normal viewing location. For
symbology, the recommendation approximates a visual angle of not less than 25 minutes
of arc . Distance considerations indicate that the viewing distance is 20 inches. Therefore,
symbols 24 inches in distance from the driver would be a minimum of 0.174 inches in
height and for a distance of 36 inches the symbol height would be 0.261 inches in height.
These recommendations must also consider luminance, contrast ratios and color usage.

For positioning purposes, the preferred downward, vertical angle for driver viewing
would be 15 minutes of arc, not to exceed 30 minutes of arc, from the driver’'s normal
seated position. Within this context, the mature driver differs from the younger driver in
terms of visual perception. For legibility purposes, concern for the mature driver must also
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consider accommodation, acuity, and glare sensitivity in addition to illumination
requirements, contrast sensitivity and color sensitivity. Each of these factors must be
studied in relation to the ambient conditions, vehicle adjustment capabilities as well as the
DAWS visual presentation medium. These factors could not be studied in a static mockup
environment.

The positioning of the DAWS also requires consideration of existing automotive
standards and designs. SAE J287, Driver Hand Control Reach (1981) provides detailed
numeric and location considerations within the automotive industry (refer to Attachment C,
for illustration of the initial pages of J287). This current SAE driver packaging model is
depicted in Figure 5 - 1. However, recent data studied by General Motor (R. Roe,
unpublished, 1991) and UMTRI have identified that these data may require updating.
Their preliminary data indicates that drivers are sitting more erect thereby raising the eye
range and moving the reach distances closer to the instrument panel. Current positioning
data (Attachment C), indicates that for a CRT placed within the onboard driver information
center, a maximum distance of 26 to 28 inches from the restrained driver’s, non-extended
shoulder, provides the 95% boundry.

To further confound the ease of locating the DAWS, the majority of the automotive
manufacturers have established an area to the right of the driver’s instrument panel, near
the vehicle centerline, that has become known as the Driver Information Center (DIC).
This area, in some vehicles, contains an existing CRT or flat panel display, used to present
the driver with vehicular indications and controls for the radio, air conditioning and various
status displays. The head-up display, in addition to the CRT, can also provide this
capability. Limitations, such as cost, may preclude acceptance or validation since the
head-up display is still being evaluated.

To provide recommendations that are germane to the DAWS, all the above factors
should be evaluated in depth. For the purposes of this study, limited by the static mockup,
a few indications derived from test subject comments are apparent. The alert
symbology/pictogram should be located within the drivers normal visual angles, the
controls for display of text and audio messages should be proximic to the vehicle steering
wheel hub but no further than the established vehicle DIC and the visual text messages
should be either within the DIC area or on a proposed head-up display.
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CURRENT SAE DRIVER PACKAGING MODEL

®  THE SPATIAL RELATIONSHIP BETWEEN THE SEAT, PEDALS AND
STEERING WHEEL AND THE RESULTING DRIVER SEAT, EYE AND HEAD
LOCATION ARE CRITICAL IN DEFINING DRIVER VISION, SEATING
ACCOMMODATION AND COMFORT.

- EYE AND HEAD LOCATION
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FIGURE § - 1. Current SAE Driver Packaging Model
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6.0 Results

This section of the report presents the results of the data derived by analysis of the
test questionnaires as well as the subjective data provided by the test subjects.
Positioning results were included in the previous section and are summated in Section 7,
Conclusions/Remarks, of this report. The following paragraphs and figures summarize the
results of the IVSAWS DAWS Task E symbol signalling tests and provide test data
definition and interpretation.

Test data were of two metric categories, nominal and ordinal. The tables reflect the
numerical analysis of the ordinal data (rank order judgements of the test subjects). The
nominal data, including all commentaries and opinions, were reviewed for general
impressions and for cues to better understanding of the ordinal data.

6.1 Analysis of preferences for signalling options

At the end of the test sequence each subject was instructed to rank the seven options
in order of preference. Rankings were scaled from 1 to 7 with 1 being the most preferred.
Results of these rankings were summed across all test subjects and averaged to obtain a
mean rank preference value for each option. Standard deviations (S.D.s) of rankings were
automatically calculated for each mean value obtained. Mean rankings were then
numerically transformed to obtain “Preference Index” (P.1.) values (P.l. = reciprocal of mean
rank value=1/Avg Rank). The P.l. metric has the advantage over the rank order in that the
larger values reflect the stronger preferences. The below definitions provide the basis
necessary for the interpretation of the preference figures that follow:

. Mean Rank - Each mean rank value is interpreted as the best estimate of the
group’s preferential ranking of each option.

. Standard Deviation of Rank Values - The standard deviation of rank value for
each option is a mathematically inappropriate parameter but , since it was
available as part of the data reduction software, it was calculated as a crude
indication of the reliability of each mean ranking. As such, it provides an
indication of the relative concordance of the group with regard to the ranking of
each option. Larger S.D.s indicate less group agreement and smaller S.D.s are
suggestive of more group agreement.
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. Preference Index Values - The P.I. value for each option is interpreted as the test
group’s relative preference for that option. These preference values have no practical
comparative meaning beyond the context of this study, i.e., they cannot be extrapolated to,
or compared with, symbology experiments or surveys done in other contexts. They do
genuinely reflect the test group preferences among the 7 options in this static mock-up
study. As such, these data represent a practical basis for screening out some of the least
preferred options and for narrowing the scope of any future testing of this set of options.

. Within Group Differences - Mean values and S.D.s of sub-group data indicate that
there may be significant differences in preference associated with gender and age level.
Confirmation of these differences would require a more detailed study, with a larger and
more strategically selected subject sample.

Although the population sample is small and not fully representative of the larger
driver population, further analysis of the current data may be warranted. Data from the
current study could be subjected to several additional calculations, some of which might
confirm correlations between subgroup identity and certain preferences. These possibilities
are currently under review.

6.2 Preference ranking and average values for signalling options

The overall preference index of the subject group is shown in Figure 6 - 1. The
categories labeled CTTVM (Color, Audio Tone, Text, Visual Message), were predominantly
prefered by the subject group. The category Color + Blink, indicates a preference by the four
female subjects. Of interest is the fact that except for these three categories, there was little
disparity between among the gender groups. The explanations offered by the female
subjects in free text and conversation was that the blink or flash was interpreted to be the
presence of a more immediate danger, that is, the blinking pictogram represented a danger
closer in proximity to their vehicle and would require more immediate action. The male
population believed that more information would be worthwhile thereby allowing the driver
to take the most appropriate action. The selection of the voice and text message options
were interpreted to mean that the DAWS system would provide accurate advance
information and thereby permit the driver to take the most appropriate action for the given
option.
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Figure 6 - 1. Preference Index by Subject Group
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Figure 6 - 2 shows the mean ranking and standard deviation for the subject group’s
preferences between the different signal options. In ranking the preference, a ranking of 1
indicated first choice while a ranking of 7 indicated the least prefered. As defined earlier,
the smaller the S.D. the more the agreement of the group for the given option. Again, the
Long Message and Short Message text and voice options ranked higher than the other
options. The S.D.s for these two options also show a relatively low deviation of
agreement.

Figure 6 - 3 shows the preference by age group. This figure clearly shows that the
preference for text and voice messages was more highly prefered by the 16-30 (Young)
group followed by the 51 and over (Mature) group. When compared to Figure 6 - 4,
preference by subject group, it can be identified that the larger male population contributed
to the overall average. Within Figure 6 - 4, the concurrence within the female population is
shown by the high preference index for the color and blink option. This was verified as
shown in Figure 6 - 5 where only the female population distribution was considered.

In general the results showed a preference for the voice and text message
associated with each pictogram. The variance accorded the female population group
should be considered if a blinking or flashing pictogram is to be used. The free text entries
identified the rationale used by the subjects in their selections. Those comments most
relevant to this study included the following:

A. Blink/flash provided an inference that the hazard situation was in the
immediate vicinity of the driver’s vehicle.

B. Message content should provide information not available from the
pictogram presentation in and of itself.

C. All pictograms were recognizable by the subjects.

D. Several subjects indicated that they were more likely to pull over for a
police vehicle due to the potential of receiving traffic citations.

E. The majority of the subjects felt that they knew what action to take based
upon pictogram presentation and an understanding if IVSAWS.

F. The most confusing pictogram was the farm vehicle. Due to the profile

depiction, subjects thought it represented a vehicle entering from a side
road.
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7.0 ConclusonsRemarks

As stated earlier, this study employed new pictograms in a static mockup with
minimal automotive fidelity. In addition, the DAWS system, as a new system, was not
within the tested subject’s experience. The latter point did appear to deter the subjects full
participation and understanding of the test. The results have indicated that the Task E
study efforts will contribute to a more full definition of the basic design for the IVSAWS
DAWS. The following major conclusions will be used to establish the baseline for
continued validation and evaluation within Tasks F and especially within Task G. These
conclusions are:

A. Overall, the subjects agreed that IVSAWS would be a substantial aid to the
driver.

B. There is general accord that the combined signals using color, text, audio
tone and voice messages would be most beneficial.

C. There is general accord that voice and text messages that provide
meaningful hazard/traffic recommendations (e.g., alternative routes,
distance to the hazard), would be more readily acceptable to the driver.

D. The subject’s felt that reaching for an operational “button” would be
acceptable if added information was provided beyond that presented by
the pictogram.

E. Individual pictograms were recognizable, but could be confusing. Special
attention should be given to standardizing the symbols, especially if side
and front views are mixed.

F. Audio tone would be more meaningful if they represented the sounds
associated with the expected emergency vehicle. In general, audio tones
were associated with a need to attend to a function and therefore, should
not be eliminated.

G. DAWS positioning within a vehicle should be guided by the extensive
studies conducted by the SAE and the automotive industry.
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The Task E study provided sufficient data to initiate Tasks F and G. Although further
study is recommended to insure a more representative sample of driver's age and gender
groupings, this can be partially alleviated within Task G. The selection of appropriate
symbols/pictograms should be studied further with some support from the membership of
the International Standards Organisation (ISO).

The placement of the DAWS system must also consider current vehicle designs and
state-of-the-art options available in newer vehicles. As described earlier, newer data has
shown a change in driver positioning and seat reference point (SgRP). This must be
considered in relationship to options such as the head-up display and to vision
enhancementsystems. It is recommended that one or more of these options be
considered during Task G and during actual driver field testing.

In conclusion, due to dynamic changes in vehicle styling and state-of-the-art

electronic advancements, the IVSAWS program must stay aware of these new and
changing options in order to provide a viable and cost effective product.
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ATTACHMENT A

SAMPLE DAWS PICTOGRAMS/SYMBOLS
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ATTACHMENT B

TASK E FREE TEXT QUESTIONNAIRE
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IN-VEHICLE SAFETY ADVISORY AND WARNING SYSTEM
(IVSAWS): A Study of Driver Alert Options

The In-Vehicle Safety and Warning System (IVSAWS) is a Federal Highway
Administration funded study. The Intent of the system is to provide the
vehicle driver with appropriate advisory and warning alerts related to
hazardous road situations. The system will operate using a transmitter that
can be positioned at stationary locations as well as in mobile vehicles/units.
The driver of a vehicle containing IVSAWS would receive a signal
presentation that alerts the driver to potentiallg hazardous or dangerous
rural or urban road conditions or situations. The situations can include

crash sites as well as approaching emergency vehicles.

Your participation in this presentation will allow us to define a baseline for
the actual Driver Alert Warnlnﬁ System (DAWS) to be located in future
vehicles. The presentation will test for recognition, comprehension and
effectiveness.

You will be shown eight different symbols. Each symbol will be shown
individually as well as in paired configurations with different attributes. You
will be asked to identify the meaning, and to evaluate your understanding,
of each set of symbols. At the end of this presentation you will be asked to
rank the presented symbol sets based upon their individual value and their
paired attributes.

After you have read this introduction, complete the questions at the bottom
of the page and inform the test monitor that you are prepared for the
presentation.

Please Check one:

() Female () Male

My Age Group is:

() 16-30, () 31 -50, () 51 -Over
My Height is:

Ft. inches
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IVSAWS TASK E - PRESENTATION INSTRUCTIONS

During this presentation, you are asked to respond to a variety of driver
advisory symbols and messages. The IVSAWS system, when fully
developed, will provide warning and advisory information to drivers who are
in rural (country), or urban settings.

The visual presentation of driving through the countryside, or streets, will
not be used during this survey. However, please consider this real-time
aspect when responding to the various presentations.

Each presentation sequence is numbered 1 through 11. The sequences 1
through 8 contain sub-sets that are alphabetically coded A through F (e.qg.
1A 1B,1C,. .... 8.F). During the sequences A through D (e.g. 1.A, 1.B., 1.C,
1.D), after responding to the associated questions, you may move to the next
screen sequence by pressing the return key. That is, 1 .A, depress return,
1.B, depress return, etc.

The presentations that are alpha-coded “E” and “F” require a different action.
You will receive the presented symbol and then must reach for and activate
the mouse button to obtain the complete signal presentation. This action
simulates the physical action that must be taken in the planned Driver
Advisory and Warning System design.

If you have any questions, the presentation monitor will provide the answers
as appropriate. Otherwise, inform the monitor that you are ready to begin.
Thank you.
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IVSAWS TASK E SYMBOL SIGNALLING TEST

Symbol:

Screen Do you What meaning does What action would
Frame No. Recognize it? it have for you? you take?

1.A Mono.

1.B. Color

1.C. Color
Flash

1.D. Color
Tone

1.E. Color
Tone
Text

(long)
Voice

1.F. Color
Tone
Text

(short)
Voice

Which one of the above do you prefer?

Why?

What would you change or add?
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IVSAWS TASK E SYMBOL SIGNALLING TEST

Symbol:

Screen Do you What meaning does What action would

Frame No. Recognize it? it have for you? you take?
2.A Mono.

2.B. Color

2.C. Color
Flash

2.D. Color
Tone

2.E. Color
Tone
Text

(long)
Voice

2.F. Color
Tone
Text

(short)
Voice

Which one of the above do you prefer?

Why?

What would you change or add?
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IVSAWS TASK E SYMBOL SIGNALLING TEST

Symbol:

Screen Do you What meaning does What action would
Frame No. Recognize it? it have for you? you take?

3.A Mono.

3.B. Color

3.C. Color
Flash

3.D. Color
Tone

3.E. Color
Tone
Text

(long)
Voice

3.F. Color
Tone
Text

(short)
Voice

Which one of the above do you prefer?

Why?

What would you change or add?
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IVSAWS TASK E SYMBOL SIGNALLING TEST

Symbol:

Screen Do you What meaning does What action would
Frame No. Recognize it? it have for you? you take?

4.A Mono.

4.B. Color

4.C. Color
Flash

4.D. Color
Tone

4, E. Color
Tone
Text

(long)
Voice

4.F. Color
Tone
Text

(short)
Voice

Which one of the above do you prefer?

Why?

What would you change or add?
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IVSAWS TASK E SYMBOL SIGNALLING TEST

Symbol:

Screen Do you What meaning does What action would
Frame No. Recognize it? it have for you? you take?

5.A Mono.

5.B. Color

5.C. Color
Flash

5.D. Color
Tone

5.E. Color
Tone
Text

(long)
Voice

5.F. Color
Tone
Text

(short)
Voice

Which one of the above do you prefer?

Why?

What would you change or add?
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IVSAWS TASK E SYMBOL SIGNALLING TEST

Symbol:

Screen Do you What meaning does What action would
Frame No. Recognize it? it have for you? you take?

6.A Mono.

6.B. Color

6.C. Color
Flash

6.D. Color
Tone

6.E. Color
Tone
Text

(long)
Voice

6.F. Color
Tone
Text

(short)
Voice

Which one of the above do you prefer?

Why?

What would you change or add?
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IVSAWS TASK E SYMBOL SIGNALLING TEST

Symbol:

Screen Do you What meaning does What action would
Frame No. Recognize it? it have for you? you take?

7.A Mono.

7.B. Color

7.C. Color
Flash

7.D. Color
Tone

7.E. Color
Tone
Text

(long)
Voice

7.F. Color
Tone
Text

(short)
Voice

Which one of the above do you prefer?

Why?

What would you change or add?
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IVSAWS TASK E SYMBOL SIGNALLING TEST

Symbol:

Screen Do you What meaning does What action would
Frame No. Recognize it? jt have foryou? __ you take?

8.A Mono.

8.B. Color

8.C. Color
Flash

8.D. Color
Tone

8.E. Color
Tone
Text

(long)
Voice

8.F. Color
Tone
Text

(short)
Voice

Which one of the above do you prefer?

Why?

What would you change or add?
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IVSAWS TASK E SYMBOL SIGNALLING TEST

Symbol:
Screen Do you What meaning does What action would
Frame No. Recognize it? it have for you? you take?
9.A. Color
9.B. Color
Flash
Hazard

Does the alternating symbols convey a message?

Why?

What would you change or add?

How does the alternating symbols compare to the prior single symbol
presentations?

Does it convey sufficient information?
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IVSAWS TASK E SYMBOL SIGNALLING TEST

Symbol:
Screen Do you What meaning does What action would
Frame No. Recognize it? it have for you? you take?
10.A. Color
10.B. Color
Flash
Hazard

Does the alternating symbols convey a message?

Why?

What would you change or add?

How does the alternating symbols compare to the prior single symbol
presentations?

Does it convey sufficient information?
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IVSAWS TASK E SYMBOL SIGNALLING TEST

Symbol:
Screen Do you What meaning does What action would
Frame No. Recognize it? it have for you? you take?
11.A. Color
11.B. Color
Flash
Hazard

Does the alternating symbols convey a message?

Why?

What would you change or add?

How does the alternating symbols compare to the prior single symbol
presentations?

Does it convey sufficient information?
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IVSAWS TASK E - SYMBOL SIGNALLING TEST
SUMMARY

1. What do you think of the system in general?

3. Are there some symbols or messages that you would like to

eliminate, combine, add-to, change, etc?

4. What was the effect to you, as a driver, to have to reach for and
press a key (mouse), for additional information?

6. Do you believe this system would be an added safety benefit or an
added distraction for the driver?

7. Please RANK your preference, using the numbers 1 through 7, for
each functional presentation:

One Color (Monochrome)

Color (Yellow Background)

Color and Blink/Flash

Color and Sound-Tone
Color/Tone/Text/Voice Message - Long
Color/Tone/Text/Voice Message - Short
Alternating Symbols with Hazard - Blink
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¢

DRIVER HAND CONTROL
REACH-SAE J287 FEB8S0

SAE Recommended Practice

sport of the Human Factors Engineering Committee, approved July 1976, completely revised February 1980.

1. Introduction-The description of driver hand control reach envelopes
was developed using data acquired from test subjects performing reach
tasks in test fixtures simulating a range of actual vehicle configurations
(Ref. 1 and 2); The test subjects included equal numbers of men and
women selected to represent the (United States) driving population on the
basis of stature and age, and were tested both with and without upper torso
three-point restraint (a diagonal non-extending shoulder strap attached
separately to the lap belt, i.c., not a continuous loop). The envelopes con-
structed using the non-extending shoulder and lap belt are meant to define
a restrained reach and the envelopes constructed using the lap belt only
will describe an unrestrained upper torso hand reach. The hand reach en-
velopes are three-dimensional surfaces described in table form and can be
referenced to a particular vehicle seating configuration according to pro-
cedures described in Sections 5 and 6. Only the 95% boundaries are pre-
sented in the tables.

2. Scope~-This recommended practice describes boundaries of hand
control locations that can be reached by desired proportions of different
driver populations in passenger cars, multi-purpose passenger vehicles, and
light and medium trucks. This practice is not applicable to heavy trucks.

3. Field of Application

3.1 This practice is primarily directed towards the initial design stages
of a new vehicle program, where reference to H-point or Rearmost H-point
implies Rearmost Design H-point or Seating Reference Point (SgRP). Its
application for checking purposes in actual vehicles and prototype seat
models will take into account an allowable tolerance for actual H-point.

8.2 The hand reach envelopes are directly applicable to left hand drive
motor vehicles designed for seated operators in full width or single width
scats having fore and aft seat adjustment approximately horizontal. Appli-
cation to right hand drive vehicles is assumed to be symmetrically opposite.

3.3 The hand reach envelopes are directly applicable for a three-finger
grasping reach to a forward mounted control knob of 25 mm diameter
—aneuvered horizontally in the fore-aft direction. The hand reach envelopes

also applicable to other types of reach to forward controls by using an

~Propriate adjustment factor that will account for the mode of aperation
of the control (Ref. 8).

8.3.1 Extended Finger Operated Control—An adjustment factor of 50 mm
is added to the tabled values of the reach envelope in order to describe the
center of the finger pad contact surface which will be within the reach of
drivers.

3.3.2 Full Hand Grasped Control— An adjustment factor of 50 mm is
subtracted from the tabled values of the reach envelope in order to describe
the center of the face of the control knob which will be within the reach of
drivers.

4. Definitions

4.1 Driver Hand Reach Capability—The maximum reach capability of
drivers in a simulated driving situation with the non-reaching hand on the
steering wheel and the right foot on the accelerator pedal.

4.2 Basic Reach Task—The hand reach to a forward mounted control
with the control held in a three-finger grasp. See Fig. 1.

4.3 Hand Reach Envelopes—Geometric description of the hand reach
capability for a specified proportion of a driver population and type of
torso restraint system. The contour of the hand reach envelope refers to
the geometric center of the control knob face. If the control knob face is
at, or rearward of, the contour, it is estimated that at least the specified
proportion of the indicated driver population can reach and operate the
control.

4.4 Hand Reach Reference Plane (HR Plane)—A vertical reference
plane extending laterally across the vehicle used to properly position the
hand reach envelopes with respect to the geometry of the vehicle seating
configuration. The horizontal location of the HR plane rearward of the
Accelerator Heel Point is determined by application of the General Package
Factor (G) as shown below:

HR = 786 - (99) G, mm

4.5 Interior Dimensions—All interior dimensions referred to in this
ommended practice, except where noted, are defined in SAE Recom-
-nded Practice, J1100a, Motor Vehicle Dimensions. All dimensions are

The ¢ symbol is for the convenience of the user in locating areas where
technical revisions have been made to the previous issue of the report.
If the symbol is next to the report title, it indicates a complete revision

of the report.
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This diagram represents a three-finger grasping reach to 2 25 mm (1.0 1n.) dismeter contrel knalk. AR
measurements fer the hand-reach enveleps are referenced 1o the centrs of the comtrot Xned 1pon,

FIG. 1-THREE-FINGER GRASPING REACH

defined normal to the three-dimensional reference system of the vehicle
loaded to design load weight and oriented to a ground reference plane
using fiducial marks as described in SAE Recommended Practice, J182a,
Vehicle Fiducial Marks.

The characteristics of seat geometry are described in terms of the two-
and three-dimensional H-point devices with 95 percentile leg length adjust-
ments as described in SAE Recommended Practice, J826b, Devices for Use
in Defining and Mcasuring Vehicle Seating Accommodation. The interior
dimensions are measured with the front seat in the rearmost normal driv-
ing position asspecified by the manufacturer. All other adjustable features,
such as steering wheel, seat height, or tilt adjustment for the seat back or
seat cushion, are also located as specified by the manufacturer, and if not
specified will be positioned at a normal driving position.

4.5.1 General Package Factor (G)—An algebraic equation that expresses
and summarizes the geometry of a particular vehicle scating configuration
in terms of a single index value. Sce Figs. 2 and 3. The range of package
dimensions for which this recommended practice is applicable is shown be-
low:

L40 | Back angle-front 9.0 deg 33.0 deg
H30 | Vertical SgRP to heel pt 130 mm to 520 mm
L23 | Horizontal Hpt travel, SgRP | 130 mm nominat
w9 Steering wheel diameter 330 mm to 600 mm
H18| Stecring wheel angle 10.0 deg to 70.0 deg
L1 Horizontal steering wheel

center 660 mm to 152 mm
H17 ) Vertical steering wheel

center 530 mm to 838 mm

4.5.2 Centerline of Occupant {C/LO)—Centerline of occupant is the “Y”
coordinate of the H-point and is represented by the centerplane of the oc-
cupant or H-point machine in each designated seating position.

4.5.3 Accelerator Heel Point {AHP)—Accelerator heel point is located at
the intersection of the two- or three-dimensional device heel point and the
depressed floor covering with the shoe on the undepressed accelerator
pedal and the foot angle at a minimum of 87 deg. For vehicles with SgRP



Hi8

AHP L53

FIG. Z-VEHICLE SEATING CONFGURATION

The General Package Factor(G) is a synthesized variable that provides a
quantitative index of a vehicle’'s workspace geometry. The G valuefor a
vehicle can be calculated by substituting the principal package dimensions
in millimeters into the equation shown below.

G = 0.0018 (H30) - 0.0197 (L40) + 0.0027 (W) + 0.0106 (HI8)

- 0.0011 (L11) + 0.0024 (H17) + 0.0027 (L42) - 03.0853

FIG. SGENERAL PACKAGE FACTOR (G)

to heel (H30) greater than 457 mm, the accelerator pedal may be depressed
as specified by the manufacturer. If the depressed pedd is used. the foot
must be flat on the accelerator pedal

5. Required Characteristics

5.1 The ranges of the interior dimensions for which this recommended
practice is applicable is described in paragraph 4.5.

5.2 The envelopes describe the boundaries of control locations that
can be reached by at least 95% of certain driver populations that include
mixtures of 50/50, 75/25, and 90/10 male to female driver population ra-
tios. The envelopes for each of these categories arc described as referenced
in afore and aft diction to specified seating coordinates. The envelopes
extend from 400 mm outboard to 600 mm inboard of operator centerline
and from -100 mm below H-point to 800 mm above H-point See Fig. 4.

5.9 Hand reach envelopes arc provided in the attached tasks for seven
different seating configurations, three maleto female driver population ra-
tios and two types of restraint systems which account for drivers wearing
alap belt only permitting a free upper torso and unrestrained reach; and
secondly, both lap and shoulder belt permitting only a restrained reach.
The selection of an envelope for a vehicle is based on the calculated value
of the Genera Package Factor(G). identification of the maleto female
driver population appropriate for the vehicle, and the identification of the
appropriate restraint system. The General Package Factor(G) is calculated
using the dimensions describing the vehicle seating configuration as shown
inFigs. 2and 3.

5.4 The Hand Reach Envelope is located in the vehicle by employing a
relationship that utilizes the value of the General Package Factor(G). The
horizontal component of the envelope is measurcd as a distance forward of
aHand Reach Reference Plane. The fore and &ft location of this plane

FIG.4-HAND REACH ENVELOPES IN VEHICLE POSITION

rearward from the Accelerator Heel Point is determined from the value of
the General Package Factor (G) as shown in paragraph 4.4.
6. Procedure for Using the Hand Reach Envelopes

6.1 The envelopes arc located in the vehicle according to a set of
orthogonal reference planes: A horizontal elevation reference plane through
the H-point of the rearmost normal driving position, the lateral HR plane,
and a vertical plane extending along the C/LO. See Fig. 4.

6.1.1 Establish a reference origin.

6. X.1.1 Specify the dimensions describing the geometry of the vehic’
seating configuration and calculate the value of the General Package Facto.
(G) as described in Fig. 3.

6.1.1.2 Calculate HR from the value of the General Package Factor
(G) as shown in paragraph 4.4. Determine the longitudinal location of the
hand reach reference plane by comparing HR to L53, the horizonta dis-
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tance from SgRP to Accelerator Heel Point.
6.1.1.2.1 If (HR-L53) is less than zero, then the hand reach reference
ane is located longitudinally at a distance (HR) rearward of the Accelerator
:¢l Point.
6.1.1.2.2 If {HR-L53) is greater than zero, the hand reach reference
plane is located longitudinally at the H-point of the rearmost normal driv-
ing position.
6.1.2 Identify the appropriate hand reach envelope.
6.1.2.1 Referring to the attached tables, identify the hand reach en-
velope appropriate for the value of the General Package Factor (G) calcu-
lated for this vehicle, the specified driver population, and the appropriate
type of restraint system.
6.1.2.2 Determine the lateral locations of the controls of interest.
These locations will be described as lateral locations from the (C/LO). De-
termine the height of the control above the horizontal elevation reference
plane described in paragraph 6.1.
6.1.3 Determine if the control is within reachl.

I The blank areas in the hand reach tables are regions where hand reach
was not measured or where design limit values could not be established.
The gray areas are regions where the difference between the hand reach
model and the observed design limit values exceeded 25 mm. The reach
values shown in these areas should be used cautiously.

TABLE 1

3

6.1.3.1 The limiting value of reach can be read from the appropriate
table at the designated elevation and station locations. Interpolation may
be required if the necessary locations are not included in the table. Inter
polate laterally first before interpolating vertically. Curvilinear interpola-
tions should be made using two locations on either side of the desired con-
trol.

7. References

1. D. Hammond and R. Roe, “SAE Controls Reach Study.” Paper
720199 presented at SAE Automotive Engineering Congress and Exposi-
tion, Detroit, January 1972,

2. D. Hammond, D. Maurer, and L. Razgunas, “Controls Reach—The
Hand Reach of Drivers.” Paper 750857 presented at SAE Automotive
Congress and Exposition, Detroit, February 1975.

3. R. W. Roe, “Reach to Other Types of Controls.”” Minutes of meet-
ing of Design Devices Subcommittee, SAE Human Factors Engineering
Committee, April 18, 1972,

HAND REACH-RESTRAINED VEHICLE RANGE: (G LESS THAN 125} POPULATION MiIX: 50/50 MALES-TO-FEMALES

{INCH)

HORIZONTAL REACH FORWARD OF THE HR REFERENCE PLANE AT STATIONS LOCATED LATER-
ALLY FROM THE CENTERLINE OF OPERATOR {C L/O) AND AT ELEVATIONS ABOVE THE REARMOST
H POINT. THE ENVELOPE DESCRIBES A 96% LEVEL OF PERFORMANCE OF A DRIVER POPULATION

ELE\B%:I'EON COMPOSED OF 50% MALE AND 50% FEMALE DRIVERS WEARING A TYPE 23 RESTRAINT.
H T STATIONS OUTBOARD OF C L/O {inch) STATIONS INBOARD OF € L/0 (inch)
{inch) 1540 12.5 10.0  7¢5 8.0 2¢5 0«0 00 245 5.0  Ye5 10+0 1245 150 1Ye5 P0.0 275
35:0 124 1348 15:0 15+9 165 1645 17.0 169 170 1741 169 163 3%ea JReA Lo} ‘{18
32:5 1Q:8 16l 1741 179 18.4 18.8 19.1 1827 19:0 19s1 1He8 1%43 :I'l'l*.._,ég.:‘ ;..’;r""
30.0 16.9 18.1 18.9 19.6 20.0 204 20.7 20:3 20.8 20,4 P0.5 2040 2 T, LRl
27:5 1847 1947 20+5 210 21.4 21¢7 2149 2ley  P2.2 2203 22.0 21.5 2005 1949 1900 17'.:( 16+
25:0 20¢1 2140 217 222 22.5 22.7 887 887 23.4 2345 P3.] 22.8 22.1 2les 205 19.a 1749
22:5 21.2 22.1 22.7 231 23.4 23.4 838 83+6 24.3 2604 28.3 23.9 2743 22:%6 21«7 POk 19.0
20.0 22.0 22.8 23.4 23.8 24.0 23.8 83+8 RYe) P49 LS.l 25.0 Paet 24.P 2346 P2.T P1e%  19.9
17:5 2246 2343 23:9 24¢3 2444 239 2249 94.; PSeP  R5.5 9S:6 25.u Pas9  24.7 P 2241 2005
15:0 2248 23+5 24¢1 24:3 245 23.8 22.3 Bhel PHe2 DSt 299 254 PS4 241 PR 274 POGH
1225 2248 234 24s) 2446 24¢4 2308 2143 Y4e2 249 P5¢5 e 26e1 25¢7 25.0 23.8 22.4 N.A
10:0 2244 23.0 2348 24+3 24.2 B8el 25.8 2601 25.A 249 23.6 22.0 2N.4
_7s5 21.9 22.a 23.3 23.9 23.6 l;on 2504 25.9 25.6 24.7 23.1 21:4 1949
20 210 2146 2246 2343 24eT 25¢4 25.3 PGe2 ¥P23 P0ea 190
25 19.9 205 21.6 22.4 23¢9 DUeH  26e7 23e8 P1a3 1940 17eM
_0:0 18.6 19.2 PPe7  23e9 2348 PP.4 19:9 17:8 RGsR
~2.5 17.0 176

Plal 2249 22:H Zlel 1B+3 15«4 IMed
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HAND REACH-RESTRAINED

VEHICLE RANGE: (G LESS THAN -1.25)

TABLE 2

POPULATION MIX: 75/25 MALES-TO-FEMALES

HORIZONTAL REACH FORWARD OF THE MR REFERENCE PLANE AT STATIONS LOCATED LATER.
ALLY FROM THE CENTERLINE OF OPERATOR {C L/O) AND AT ELEVATIONS ABOVE THE REARMOSY
H POINT. THE ENVELOPE DESCRIBES A 85% LEVEL OF PERFORMANCE OF A DRIVER POPULATION

El.gevsm COMPOSED OF 75% MALE AND 25% FEMALE ORIVERS WEARING A TYPE 20 RESTRAINT.
H PT STATIONS OUTBOARD OF CL/O {inch STATIONS INBOARD OF C L/O {inch
linchl  13.0 12.3 10.0 7.5 5.0 2.3 0.0 0:0 2.5 $.0 7.5 10.0 12.5 18.0 17.5 90.0 29.8
35:0 13:8 158 16.4 17+2 17.8 18.1 18.2 1805 137 18e7 185 1749 17.0 15.8 1a.5 13.1
32:% 1602 174 18.4 19:1 19.6 20.0 20.3 202 2006 2006 2043 19.8 18.9 179 1647 185.5
30:0 18:2 19¢3 20.2 20.5 21.2 £1.5 2149 21.7 22.2 2P.2 21.9 21.a £0.6 19.7 18.7 17.5
27.8 19.9 2049 21.7 22.2 22.5 22.8 23.0 23.5 23+6 23.3 27.8 PP.1 211 208 19.2 17K
2520 213 22.2 22.9 23.3 23.6 23.7 $3e¥} 24.6 24.7 24.5 24.0 £3.4 22:7 P1.8 207 19.1
223 2244 23.2 23.8 248.2 24.4 24.4 “" . 23.4 256 25.4 25.0 24.% 234 22,9 21.8 20.2
20s0 23.2 239 2a.5 24.9 25.0 24.7 :, 23.8 26+1 26.1 25.8 25.3 Pa.T P38 2Pes 21.0
17:5 23.6 243 24.9 25.3 25.3 24.8 23.6 25.3 26,0 26.4 265 26,4 26,0 23:3 243 231 $1.5
15:0 23.8 245 25.1 P£5.5 25.8 24.6 22.9 25.2 259 26.5 264 2607 26.4 25¢7 2a.6 2307 21.6
12:5 2347 24+ 251 25.8 25.3 24s1 2147 20:9 23,5 26.2 %68 P6eF 2646 25.8 28.6 23l 2143
1000 23.4 28.0 24.8 25.3 25.0 26.5 6.8 26.8 25.7 23.3 29,6 21.1
1:5 22.7 23.4 24.3 2448 24.4 26,0 26.5 26.3 25.3 P3.7 Pl.4 20.a
_5:0 21.9 22.5 23.5 2a.2 25.3 26.0 23,9 28.7 22.8 20.7 19.4
_2:5 20.7 21.a 2246 2343 24.3 25.3 25,2 P34 21.6 19.0 18.0
00 19.3 201 2341 24.4 28,3 22:7 2001 17.5 16.4
22:5 17.7 18.5 2106 23e2 23.1 21.3 1IR3 1S.4 la.a
TABLE 3
HAND REACH-RESTRAINED VEHICLE RANGE:(G LESS THAN -1.25) POPULATION MIX: 90/10 MALES-TO-FEMALES
(INCH)
HORIZONTAL REACH FOAWARD OF THE MR REFERENCE PLANE AT STATIONS LOCATED LATER-
ALLY FROM THE CENTERLINE OF OPERATOR (C L/O) AND AT ELEVATIONS ABOVE THE REARMOST
H POINT. THE ENVELOPE DESCRIBES A 96% LEVEL OF PEAFORMANCE OF A DRIVER POPULATION
ELEVATION COMPOSED OF 90% MALE AND 10% FEMALE DRIVERS WEARING A TYPE 2 RESTRAINT.
Auwr\!re STATIONS OUTBOARD OF C L/O) (inch) STATIONS INBOARD OF C L/O (inch)
linc) 1540 1245 1040 745 5.0 2.5 0.0 0s0 2.5 5.0 7+5 100 12.5 15.0 17.5 20.n_ 29.5
35:0 14e7 1651 171 18.0 185 1649 19.0 19:4 196 19:7 19.4 1%.9 18.0 168 15.3 142
3825 17.0 18.2 19.2 1949 20.3 20.7 21.0 21l 215 21¢5 P1e2 20e7 19.8 184 177 16.a
io_o.g 190 203 2069 215 219 22,2 22.% 2245 2340 23e1 224 22.2 215 206 194 1R.a
27:5 20.7 21¢7 22.4 228 23.2 23.4 2347 23+7 8.3 24.4 24.1 23e6 22.9 2.1 21s2 2041 186
25:0 22.0 2249 23¢5 24.0 24.2 243 2404 fggag: 25:3 25.4 25.2 2448 24.7 2044 2006 Rla 19.9
2228 231 2349 245 24.9 25.0 24.9 28.6 F::",.: 26.0 2642 26e1 25¢7 P5.2 24:3 236 P28 20.9
2040 23.8 2346 BSe2 25.5 25.6 25.3 24.8 H?s_ 2648 26.7 2607 26+4 26.0 25:1 2a.8 23.7 218
1705 24.3 25,0 25.6 23.9 25.9 25.1 24.0 25.8 2645 274D 27.1 2740 2646 25.9 2a.9 R3s6 P20
15:0 24.4 25.1 25.8 261 26.0 ,f 25+7 2648 26:9 27.3 273 263 28.2 2S¢l 23.7 2.l
12:5 24.3 25.0 25.7 26e1 25.8 25:3 25.9 26.7 27.2 27.4 27.1 26.3 25.0 23.5 P1.9
1040 23.9 28.6 25.4 25.8 25.4 i 26,9 27.3 27.0 P8¢0 2a.8 229 210
_1_-_5. 233 2440 24.9 25.4 24a.8 g 26.4 P69 RAT PSe7 28.0 2.1 2047
_S:0 22.4 231 24e1 24.7 25.6 26.a 262 25.0 230 2009 19.4
_B+5 21.2 22,0 23.1 23.8 24,5 25.6 25.5 28.0 217 19.3 1R.2
0.0 19.8 20.6 £3:3 28.6 2a:5 22.9 0.2 17.5 165
<245 18+2 1940 B1.8 23.4 23.3 21.3 143 15.3 1a.a
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HAND REACH-RESTRAINED

TABLE 20

(INCH)

HORIZONTAL REACH FORWARD OF THE NR REFERENCE PLANE AT STATIONS LOCATED LATER.
ALLY FROM THE CENTERLINE OF OPERATOR (C L/O) AND AT ELEVATIONS ABOVE THE REARMOST
H POINT. THE ENVELOPE DESCRIBES A 96% LEVEL OF PERFORMANCE OF A DRIVER POPULATION

VEHICLE RANGE: (G GREATER THAN 1.25) POPULATION MIX: 78/25 MALES-TO-FEMALES

ELEVATION COMPOSED OF 75% MALE AND 29% FEMALE DRIVERS WEARING A TYPE 2» RESTRAINT.
MPT  STATIONS OUTBOARD OF € L/O tnah) STATIONS INBOARD OF C L/O i)
linch)  15¢0 125 100 7¢5 5.0  2+5 040 0.0 25 S0 7¢3 100 125 150 175 20.0 2243
3500 15el 1646 17.8 18.7 19:3 19.7 1949 £20.0 2043 204 20¢) 19.5 18.6 17.5 36.2 14.8
3245 1743 18.6 1947 20+4 21.0 21.a 21.7 1.7 22+2 223 22.0 21.84 206 19¢7 18.8 17.3
3040 19.2 20.a 21:3 220 22.4 22.8 23.1 3.2 23.8 £3.9 236 23«1 £2+4 21.5 205 19.3
27.5 2048 21.9 22.7 233 23.7 24.0 24.2 4.4 251 £5.2 23%:0 245 23¢9 23.1 2242 210 19.5
25.0 2241 231 23.8 243 287 249 254 953 26¢1 863 26s) £5:7 25.2 24,5 23.6 22.2 208
22.5 £3+1 240 24.7 25.2 £5.4 £5.5 25.4 £5.9 26:7 27.0 7.0 267 262 85.5 28.6 234 218
20.0 23.9 £4.7 25.3 25.8 26.0 §3:9 B3eS ...3 THYeY P75 27.6 27.4 27.0 2643 25.4 24.1 22,8
TITe5 24:3 25,0 25,7 2641 26.3 2640 WSed :ﬂ" $Ted £7.7 £8.0 8.0 27.8 26.9 25.8 28.4 229
15:0 Ba.S 25.1 25.8 2643 26.4 27.6 281 28.3 20.0 27.2 £6.0 24.5 22.9
12:5 2444 25.0 25¢7 6.2 26.2 27.2 28.0 £8.3 2B.) 27.2 25.8 24.2 22.7
_lg_-o_ea.o 24.% -’3-8 ,nsa; 868 277 8.8 28.0 27.0 25.4 23.6 P2.2
7.8 23.3 23.8 24.7 2£5.3 88:F 271 27.9 £7.7 26+6 247 22.7 21.8
—s--o_az'a 22.8 23.8 24.6 2663 2703 27.2 25.9 23.7 215 20.3
_2_-5_ 2142 2145 22.7 236 25:3 2646 265 250 P2e5 200 189
T 19:7 20.0 21.3 22.4 24.0 25.6 2%5.6 23.8 21.0 18.2 17.3
Z2°5 1749 183 19.7 2140 2246 2442 24+4 22+%5 19:2 16.2 15.4
TABLE 21
HAND REACH-RESTRAINED VEHICLE RANGE: (G GREATER THAN 1.25) POPULATION MIX: 90/10 MALES-TO-FEMALES
{INCH)
ALY FROM THE CENTERLINE OF OPERATOR 16 Lior mas o o iDL NS LOCATED LATER.
PSS O VST DASCABES 1 LEVEL O PAORMANCE oF 4 DR RO ATow
ABOVE RESTRAINT.
(':m';T STATIONS OUTBOARD OF € L/O (inch) STATIONS INBOARD OF C L/O (inch)
19¢0  12.8% 1NN Te5 Sen 2% Nen Vel) 245 3.0} Ted 100 1245 15:0 175 206l 2249
E_ 1Ae2 17e6 1R:7 196 203 2007 20eM PNed 2102 21.7 2049 PNl 1945 1Hed 17e) 1507
J2e5 IHe3 19eh 2006 214 N1e9 R22e3 PPk P25 VYD 230l 2244 PP Ples 205 19¢4  1Ra)
E 0ol P1+3 22e2 22.9 2363 PIet RO 24s0 2446 P87 24¢8 239 0342 22.3 21¢3 £0o1
P15 Plet M 28 PUel PusS a4 28.1 25:1 25:8 2640 £5:7 25.3 2a¢h 23e9 P3N P1.AR 2n.D
25002340 2349 24k 25.1 29.5 25.7 pS.d 264 206.8  27eN 2648 2644 25.9 P5.2 28.3 53el  21.5
PPe> @39 zawd zSen 2509 26e2 2403 26.2 €646 2Uea 27.7 27.T P7.8 PALY 26.P PS03 Rael 295
ﬂ_aa-h 25:4 261 2645 2647 06:86 B6eB .n-o R747 2441 283 29s1 27e7 2740 $6.0 2usR 230
_1125.1 258 264 2A.9 270 B6:T7 859 BTe0 878 2Hes PHebE 2Meb 28,2 £7.5 964 25.1 2345
15U P3er 2509 2645 27.0 27.) 24e? Pd.T 2.9 DBk PTH 2648 8.1 23S
_JEed 25.1 254 2604 26.9 2609 2748 B8 PAL9 PHeT 27.3 26.4 Pa.R 23.3
_10:0 2as6 25.7 2640 2645 2702 B8R MBeB .6 P16 PAN LA PPLY
75 €3y 2uus P5e3 PR 2601 27.7 PRe4 PRLA $Te)l BS.2 23.2 2149
2 mied 23.u 2ues 2502 Phel  PUeY  BUaY P6ed PLeZ PP.O 2048
L @ler PPa 23.3 24e2 2% 7.l 2740 25.5 23.0 20.5 19.4
M0 v0e2 enuk 21y B2y 2ash 2661 2640 F6e3 Ples 1947 1747
Tred 1844 1Ry 2002 2105 [FHWA G-57] 2301 24e9 2449 2249 1945 1646 15k
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APPENDIX H:
PROPOSAL FOR THE INVEHICLE ADVISORY AND
WARNING SYSTEM (IVSAWS)

Thisappendix outlines an industry proposal submitted to FHWA in response to Request for
Proposal DTFH6 1-90-R-0030 for an Invehicle Safety Advisory and Warning System (IVSAWS).
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Section A - Technical and Management Approach
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2. Overview of the Technical Approach
RFPRe: SOW Tasks A-K; Section L.I.A.

TheIn-Vehicle Safety Advisory and Warning System (1'VSAWS) Program requires
amulti-discipline systems analysis approach to identify and help resolve the key
issuesin configuring a viable System design. Hughes appr oach assumes that the
RF communications and the In-Vehicle Driver Alert System designs must support
evolutionary capabilitiesfor multiple highway information distribution systems.

The IVSAWS Study Program is a multi-phase study intended to provide the
Government with an assessment of the 'V SAWSconcept, a baseline design for the
development of operational NSAWS hardware, and preliminary testing of all aspects of
the IVSAWS system. These aspects include the RF communications, the in-vehicle man
machine interface, and the measured responses of a scientifically selected population of
mixed agesto the utility of the hazard alert warnings.

An example of such evolutionary requirements, directly applicable to this study, is
Hughes role asthe TRAVTEK system engineer in a partnership with the American
Automobile Association, the City of Orlando, Florida, the Florida Depamnent of
Transportation, and the Federal Highway Administration. TRAVTEK is a proof of
concept test program involving afinite quantity of vehicles within a specific geographical
area, which isahighly urban environment. Its purpose isto aid the driver of the vehicle
in the selection of the best route to a designated destination, taking into consideration
current traffic conditions. The major functions of this project are navigation and location
of vehicles, real-timetraffic information, route selection and guidance, and two-way
communications. Hughes has studied the data radio communications requirements with
theintent of defining technical approaches that meet the requirements of the program.

The phases of the IV SAWSstudy and the key issues or outputs of each phase are
summarized in Table A.l-1. Tasks C and E require careful systems engineering effort to
determine the optimum design for the RF communications equipment and message
structure (Task C) and the man-machine interface (Task E). Rather than designing these
systemsfor the |V SAWSscenarios, Hughes recommends expanding the task so that the
arcrr\]ite(}jcture will support evolutionary growth in the capability to display/announce data
to the driver.

Thekey issuein Task C isthat the communications ec?ui pment must squort avaiety
of message types and ensure that they are received proper Ywith alow probability of
fasem e acceptance and without garbling in amultiple transmitter environment. To
squport evolutionary requirements, the [V SAWS baseline receiver design must also be
sufficiently flexibleto support other services such as reception of datafrom intelligent
highways and status data at freeway on ramps. The selection of the link bandwidth and
modul ation must, therefore, support these evolutionary capabilities.

The use of low power spread spectrum modulation services has been given approval
by the FCC. Spread spectrum modulation allows receivers to separate interfering signals
on acommon RF channel. Because the complexity of such areceiver is enormous in
terms of conventional lumped element techniques, Hughes is working with Delco to
develop an all-digital radio with A/D conversion directly in the AM/FM frequency band
This development will allow direct application of the semiconductor chilo technol ogy to
the design of a sophisticated receiver. Thistype of chipiscalled an Application Specific
Integrated Circuit (ASIC).
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ASICswith a complexity of 100,000 transistors are currently within the state of the
art, and the level of economically achievable complexity is growing logarithmically with
time. Of course, the availability of amarket of five to ten million units per year isideal
to cover the large non-recurring engineering cost associated with the development of a
complex ASIC-based receiver.

TABLE Al-l.
HIGHLIGHTS AND KEY ISSUES OF THE IVSAWS PROGRAM

Task A Establish a plan for the whole study and obtain written COTR approval.

Task B Define a prioritized list of hazards together with likely road geometries, terrain,
speed, and other factors. Human factors and traffic engineers must reach a consensus on
the amount and type of information that will provide adequate warning without
distracting or annoying the driver.

Tadk C Define the baseline IVSAWS RF link and Man Machine Interface to support
reliable, timely, and unambiguous distribution and announcing of hazard alert
information. Obtain written approval of results by COTR. The communications
engineers must define acommunications architecture to support general evolutionar
services and to su%port reliable message transmission with sufficient flexibility to alow
rocessing of inhibit and multi-mode antenna message overhead. The choice of
requency, bandwidth, and modulation structure must suppon an affordable design.

Task D Select readily available, affordable radio, digital modem equipment and

gispl ay/announcing equipment to demonstrate key features of the baseline IVSAWS
esign.

Task E Select equipment to announce IVSAWS hazard alert message for the test
program. Obtain written approval of the COTR. Human factors engineers must look at
the range of available and projected man-machine interface technol ogies to ensure that
the architecture will support evolutionary changes.

Task F Design and fabricate test program equipment and install it in test vehicles and for
roadside operation.

Task G Test 1VSAWS equipment using amix of young, middle aged, and over age 65
driversto determine the utility of the key design features. The test must be designed to
alow aclear validation of the baseline architecture and to support the development plans
for subsequent phases.

Task H Develop a system level specification for the baseline IV SAWS design to support
alater development phase.

Task | Provide a four-page technical summary of the key results in the selected two-
columnformat.

Task J Prepare and deliver Draft Technical Report for COTR approval.
Task K Prepare and deliver Fina Technical Report.
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Section A - Technical and Management Approach
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3. Application of the SHAWS Feasibility Report in the Hughes Approach
RFP Ref: SOW Task B; Section L.1A

The SHAWSfeasibility report is an excellent piece of technical work and makes a
substantial contribution toward the development of anIVSAWSsystem. The
Hughes approach |r_nﬁrove£ the future growth and robustness deficiencies of the
SHAW approach with an alternate design, which supportsa moreflexible
communication ar chitecture that can be built inexpensively using advanced
semiconductor chip designs to incor porate capabilities in support of future highway
information distribution systems.

Thereport, “Feasibility and Concept Selection of a Safety Hazard Advance Warning
System (SHAWS) (Report No. FHWA-B1/124) by the Commonwealth Research
Corporation is excellent and delineates most of the key issues associated with the
devel opment and deployment of an 1V SAWS system. The discussions of scenarios for
the deployment of 1V SAWS transmitters are very useful. The concept of using multiple
transmittersto Provi de signa inhibiting is quite good. The concept of a multilobe
transmitter for limiting coverage is also a god adaptation of a well-proven radar
technique. In general, the overall discussion of traffic analysis, human factors and RF
propagation analyses are helpful in delimiting the approach to an IVSAWS system.

The selection of asix pulse waveform, however, is not well justified, even for avery
limited capability system. Hughes has the following objections to this design:

. Theamount of dataisvery limited

. The message structure could readily be generated by burst of noise, leading to false
alarmsthat will cause the driver to question the vaidity of each message

. Thecost assumptionsignore the possibility of a multi-function receiver based on
advanced semiconductor technology

The limited message structure provides only the most rudimentary indication of the
type of hazard. It ignores the need for a more flexible structure to support message
exchange with other systems. The result is asingle function unit that is of questionable
value to most urban automobile owners.

The selected waveform could easily be replicated by anoise burst. Using a receiver
with a bandwidth matched to a 500 microsecond pulse, each of the six pulses would be
received asapair of 500 microsecond pulses with a 500 microsecond gap for a*“zero”
spacing and a one millisecond gap for a “one” spacing. The duration of the pulse nain
will last between 8.5 milliseconds for amessage with four “ones’ and one “zero”. This
pattern has at most 20 degrees of freedom. Since the receiver must make 2000 tests a
second for 24 messages ﬁnot al 32 areallowed), lightning strobes or spark plug ignition
could create an intolerably high false darm rate.

By contrast, more sophisticated waveforms, such asthose used in anti-jam
communications, will have strong error detection codes to validate the message and reject
amost al false alarms (typically onein one million may be accepted).

Even without a false darm problem, however, the problems of low signal to noise
ratio are not addressed. Propogation conditions will, at times, suppon much longer
ranges than intended, and receiver noise bursts will frequently transform the transmitted
message into a different received message, confusing the driver and reducing his reliance
on the system.
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_ Finally, thereisthe issue of how the receiver recognizes the start of a message burst
without any apriori means of bit synchronization. It will be necessary to include a sart of
message preamble to identify the message.

Thewhole rationale for this design is alow-cost receiver constructed from readily
available parts. By contrast, Hughes believes affordable, multi-function receivers with
much greater sophistication can be fabricated with available semiconductor technology
(i.e., using Application Specific Integrated Circuits or ASICs) when the market is
measured in millions of units. The large volume of units to be produced makes the non-
recurring investment to devel op the semiconductor masks and processes reasonable.

Just as microprocessors have revolutionized the computing industry, putting
incredible processing power within the budget of the masses, so toowill the ASIC-based
all-digital receivers make wideband, high data rate communications affordable to all
automotiveowners.

[FHWA H-5]
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4, Strawman Communication System
RFP Ref: SOW Task C; Section L.LA

The R)Ar/%posed Hughes srawman communication system and waveform solves the
SHAWS report technical apﬁroach weaknesses with a robust, high data rate,
flexible communications architecture. It is also affordable, since it uses a subset of
the commercially available Advanced Radio Local Area Net (ARLAN) system used
by Hughesto implement the Chevrolet Racing Team telemetry system.

Through extensive tradeoffs to be accomplished during the study, the Hughes
strawman design is presented to highlight how Hughes visualizes the needed
communi cations architecture requirements versus the very limited architecture
recommended in the SHAWS report.

The message structure of the communication architecturein the report, “ Feasibility
and Concept Selection of a Safety Hazard Advance Warning System” istoolimited to be
useful for anything but aminimal rural system. Itisalso vulnerable to false alarms.

Hughes envisions a state-of -the-art communi cation waveform with astart of message
preamble, message D field, a datafield of perhaps 1000 bits and powerful error detection
codesto validate the message and avoid aerting the driver with false dlarms or erroneous
message data. A strawman design for such a waveform is shown in Table A.4-1. Hughes
will evaluate the need for error correction coding. The data modulation will be
Differential Phase Shift Keying (DPSK), a modification to conventional Bi-Phase Shift
Keyed (BPSK) modulation that avoids the need for acarrier reference by using phase
comparison between adjacent received hits.

To minimize the likelihood of contention, a short message burst, say 10 milliseconds
duration, will be used. The burst transmission rate during this burst will be 100 kb/s.

Based on Hughes' successful experience withthe ARLAN %/stem for the Chevrolet
Racing Team secure telemetry system, a900 MHz system could be used. This systemiis
described in Section E of thisvolume. If spread spectrum operation provides useful, a 10
MHz instantaneous bandwidth would be used, with a 100:1 spreading rate. Multiple
receive channels operating from a single preambl e detector would support simultaneous
demodulation of more than one message without garbling.

Although this design isintended only as a strawman to reveal Hughes' thought
processes and to show how such areceiver could be usable with avariety of highway
Information distribution systems, it is based upon the Advance Radio Local Area Net
(ARLAN) system (produced by Telesystems of Ontario, Canada) asacommercially
available package. Even if the functionality of this strawman exceeds that of the baseline
system selected during the study, the cost of an ASIC-based design is expected to be
compatible with the cost goals of an affordable IVSAWS receiver.
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TABLE A 4-]

HUGHES IVSAWS STRAWMAN COMMUNICATION SYSTEM

Operating Frequency

Burst Communication Rate
Message Block Size

Receiver Bandwidth

Data Modulation

Preamble Duration

Message ID Field

Error Detection code Size
Inhibit Message Field
Antenna Sidelobe Inhibit Field

900 MH:z

100 Kb/s

1000 bits

100 kHz (nom.)
DPSK

20 bits

10 bits

20 bits

5 bits

20 bits
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5. Overview of Management Approach
RFP Ref: SOW; Section LIA

Hughes has broad experience in bringing together and maneigisn&; diverse
organizationsto solve compleé&)roblems. In'managing the WS program,
Hughes will use well-established management procedures and toolsto ensure
program SUuCCess.

In executing this study, Hughes will selectively draw from expertise within the
Hughes organizations, GM, and Delco Electronics Corp. In addition, Hughes will be
supported by personnel from the University of Mich;ia]qan and fromMichigan’s
Department of Transportation. The management challenge is to effectively and
efficiently use the best qualified individuals and organizations that can focus on the
pertinent efforts of the assigned tasks and coordinate the synthesis of al tasks so that the
required objectives of the program are met. In dealing with similar challengesin the past,
Hughes has established policies and procedures for program management for the control
of projects of various types and size. The goal of these proceduresisto achieve
uniformity and efficiency of each project while allowing some degree of management
flexibility within the context of the specific project. Management attention at all levelsis
of paramount importance, and the management techniques used ensure this attention.
Some of the tools by which effective management of the [V SAWS project will be
accomplished are described below.

Several management issues need to be addressed in executing a program such as
IVSAWS. Attention must be focused on the program objectives as a whole rather than
the individual task or subtask. The challenge is therefore to make sure all efforts required
to meet the objective are dealt with at the same relative technical depth. Another
management challenge isto ensure efforts required to produce results for subsequent
tasks are completed on time and in sufficient depth to allow the subsequent tasks and
program to be completed within cost and schedule. Also of importance is the sharing of
Intermediate results and decisions so that there are no surprises when agiven task is
completed with products usable by subsequent tasks. These and many other management
challenges are greatly mitigated through the use of amaster program plan, which
establisnes the flow and continuity of tasks. Work Authorization and Delegation
agreements ensure that each contributing organi zation understands the scope of work,
schedule of tasksto be performed, products required, and the budget to perform the
efforts. Formal and informal meetings/reviews are the means by which progress,
intermediate decisions, and designs are measured. The engineering notebook isthe
means used to convey Initial, intermediate and final information, decisions, and datato all
participating organizations and individuals so all endeavors can proceed with synergism.
Hughes will use these tools as depicted in Figure AS-, along with other management
tools used for each of its programs.

Master Program Plan - The Master Program Plan translates the contract
requirements and tasks into subtasks, each with an associated cost, schedule, and
expected output in terms of study results, tradeoffs, design decisions, equipment
procurement and modification or test results. The plan, as established, is monitored
against the milestone achievement and the budget associated with each item of the Work
Breakdown Structure. When deviations from the plan occur, solutions must be generated,
reported to the appropriate levels of management, and the corrective action taken,

~ Cost/Schedule Control System Criteria- Since the anticipated contract is cost
reimbursable with an award fee, Hughes will use the DOD validated C/SCSC system of
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financial tracking. This system is based on Hughes cost information system (CIS)
augmented by Hughes project reﬁorti ng system (PRS). The Hughes C/SCSC isauniform
system for documenting and tracking the delegation of tasks and recording and reporting
actuals vs. planned cost/schedule. This system allows the project manager to not only
check chargesto the contract, but also to evaluate cost/schedule variances along with
technical milestone gg\rformance and then take any necessary corrective action in atimely
}‘asgi on. For the IV SAWS Program C/SCSC tracking will be accomplished at the task
evel.

Work Authorization Delegation - CIS ensures that each task delegation is
supported by the work definition and cost-planning documentation needed to control the
task. The Work authorization and Delegation (WAD) package requires a statement of
work which flows down from and expands upon (if necessary) the SOW supplied by the
Government. The WAD aso contains a statement of objectives, schedule, cost summary
number and total budget. The WAD package is effectively a contractual agreement
between the Hughes Program Manager and the performing organization. Such
agreements will be consummated between the Hughes IV SAWS Program Manager and
the performing organizations that will participate in the program.

Coordination Meetings - For development programslike IV SAWS, weekly or
biweekly meetings conducted by the Program Manager or the Principal Investigator with
the participating personnel for coordination and communicationsis critical to the success
of the program. For those individual s at remote locations, a teleconference tie-in works
extremely well. During these meetings problems of mutual interest are discussed, along
with the dissemination of results and information pertinent to the participants. The

Program Program Timeline
Management
Pringipal
Investigator Agresment N Agreement Agreement
Internal Control
Perform men
(:erol\rna]?;c'lsaglgcu g Technical Engineering Enginge’.rg
Work Budget nformal) | ang sarys | horevook informalY | Final Output |Yot€8acy
Meeting Entnes Meeting and Review |47°07L5s
Statement of | Performance| Planning Reviews
Work for Schedule Sheets
Work Pertorming
Autherization
Delegation Organizaton
N
2
All Part of WAD

Agreement

ﬁ Agreement /

Performing
Organization

Figure A5 1. Approach to Managing Diverse Performing Organizations. The program manager and
principal investigator control and monitor the program through agreement with the performing
organization on scope of work, schedule, technical output and budget and then formal and informal
review of progress, intermediate outputs, and final products.
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5. Overview of Management Approach (Continued)

Program Manager reports monthly the status of the program to upper management. More
regular reviews of the program occur if warranted.

Informal Meetings - Besides the more formal means of program communications
described above, the Project Manager and the Principal Investigator engage in informal
program meetings with the project personnel. For astudy demonstration effort such as
IVSAWS, these meetings provide an excellent means of reaffirming, one-on-one, the
program objectives and enwr(iarég that the project goals are met. These meetings also
provide a means of getting feedback on difficult design decisions and tradeoffs.

Design Reviews - The Principa Investigator and the Project Manager will use the
internal design review process as a management tool to assess the overall technical
progress, the technical approach/soundness, and the quality of the effort. During the
design review of agiven task, the task leader describes the approach taken, rationale, and
associated results. This method of review not only subjects the task/design to critical
review by experienced personnel, but also provides vital communication of the ideas and
decisions to the other members of the team. The results of the design review will also be
documented and distributed to all members of the project team.

Engineering Notebook - Another key means of managing the project effort is the
documentation of such items as tradeoffs, decisions, designs, and test results. All
members of the team are required to record pertinent program information, such as that
noted above, in a Project Engineering Notebook. This notebook isthe meansfor all
project participants to communicate important issues, decision methodol ogy and
deusiorg, designs, design review documentation, test results, etc. to al other project
personnel.
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Section B - Assumptions, Deviations, and Exceptions

B-O

1. Assumptions
RFP Ref. Section L.I.B

The IVSAWS system requires a thorough review of the assumptionsof the
referenced report including the receive-only assumption and the cost assumptionsto
determinethe system requirementsand architecture, The | VSAWS system fitsinto
the multi-band all-digital radio architecture being developed by Hughes’'GM, which
will include both transmit and receive functions.

The referenced report “ Feasibil itﬁ and Concept Selection of a Safety Hazard Advance
Warning System” makes several key assumptions that must be reviewed before the
requirements for an IV SAWS architecture can be determined. In addition, Hughes makes

the following assumptions:

The IVSAWS communication architecture should support other distribution
systems - The receiver envisioned for IVSAWS must operate both in arura environment
and in an urban environment, where the density of message traffic may be much higher.
The five bit message structure is not adequate to support these services, even if the
messages were proBerlx protected against transmission errors and false alarms. The other
services supported by the IV SAWS system may require transmit capability and not just a
receive-only capability.

The IVSAWS cost basis should be determined on five to ten million units per
year - Thereferenced report emphasizesthe very low cost of the small, simplereceiver.
It assumes that the receiver must be fabricated with lumped element components. By
contrast, substantiallK more complex implementations using an all-digital system will still
be affordable when the non-recurring development costs are amortized over alarge
market. The automotive public will support the use of these systems because of the
larger value added.

The Driver Alert Display Subsystem tradeoffs should include the pro}ected
developmentsin displays - The selected architecture should be sufficiently flexible to
take advantage of evolutionary changesin the car/driver interface systemsincluding the
adaptation of cockpit Heads Up Display (HUD). Hughes Human Factors engineers are
currently working on the adaptation of both dashboard displays and HUDs to enhance the
drivers awareness of his situation. The alert message display interface should be flexible
enough to include avariety of displays, including rudimentary icon displays or buzzer
aertsto sophisticated systemsin which the driver can acknowledge the display and
request additional information.

A state-of-the-art spread spectrum waveform will be useful and affordable for
the extended IVSAWS communication architecture -The IVSAWSreceiver will
require a start of message preamble, @ message ID, and a powerful error detection code to
reject false alarms or messages with transmission errors. Hughes will incorporate these
featuresin the message and assess the utility of also including error correction coding.
Furthermore, the receiver will often be subjected to a multiple transmitter environment,
ﬂartmularly in an urban environment or when low |oss propagation conditions apply.

ughes will assess the utility of short bursts and pseudo-random delays before repeating
the message to resolve multiple access contention (i.e., message garbling). Alternatively,
spread spectrum modul ation using areceiver with asingle common start of message
preamble and multiple demod channels will be to resolve multiple access
contention.
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In addition to these general assumptions, the following specific assumptions are also

made.

During feasibility testing, Hughes will test the various warning systemsin a
controlled environment

Actual rain, snow, sleet, accident, or other hazard will not need to occur or be
environmentally active for &éstem test purposes

The size of test groups may be increased, especialy for the older (over 65 years of
age) group. Thiswould allow consideration of visual variations brought about by
corrective lenses, including bifocals and trifocals

Based on recent rural and urban highway accident data obtained during the
performance of Task B, the hierarchical order of ranking may differ from
FHWA/RD-81/124

Geographical location for testing is not amajor factor as long as sufficient urban,
rural, and secondary roads exist

University of Michigan Traffic Research Institute (UMTRI) experts in experimental
psychology applied to drivers and in the study of accident causation have sufficient grasp
of the driving task to formulate a package of scenarios and driver message constituting a
suitable IVSAWS design list.

The accident record compiled over many years within the State of Michigan, and
supplemented by the geographic locator system called MALI, “ Michigan Accident
Locator Index,” constitutes a suitable resource for identification of fixed-place
hazards associated with roadway features _

The operating experience of the Michigan Department of Transportation plus the
safety research expertise of UMTRI staff provides a suitable experimental base
which to identify temporary hazards at the roadside, such as those resulting from
construction, maintenance, and traffic control at an accident site.

The Michigan Department of Transportation, having aworking knowledge of the
Manua on Uniform Traffic Control Devices, is able to identify those warning and
regulatory signs that should be replicated within an IV SAWS application

[FHWA H-13]
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Section B - Assumptions, Deviations, and Exceptions

2. Deviations and Exceptions
RFP Ref: Section L.1B

With the exception of the following, Hughes takes no exceptions and requires no
deviations from the statement of work or contract requirements.

FAR Clause 52.209-5 is contained in the RFP. In order to further clarify the intent of

this FAR clause, Hughes Aircraft Company requests the following notes be added to the
contract terms and conditions:

A. Thefollowing note should be keyed to paragraph 52.209-5(a)(1)(i);

“The term * offerer’ means Hughes Aircraft Company exclusive of its wholly or
partially owned subsidiaries.”

B. The following note should keyed to paragraph 52.209-5(a)(1)(i)(B) and
@@a)©);

“ Matters described in this subparagraph do not include citations, complaints or
allegationsissued by governmental environmental protection agencies.”

B-2 [FHWA H-141
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Section C - Technical Uncertainties

1. Tradeoffs
RFP Rdf: Section L.1.C

Hughes envisions performingkextensive tradeoffs to determine the requirements and
baseline implementation of the IVSAWS system. It is anticipated that a
substantially more capable system may result while maintaining an affordable per
unit cost.

Hughes review of the Shaws report study indicates that the report is flawed in the
assumption that affordable cost dictates aminimal capability system. Hughes will
support this position by performing a set of tradeoffs to determine how various features
affect the utility and the per unit production cost of the baseline IVSAWS system. The
following tradeoffswill be performed at a minimum:

1) TheAlert Message Content -The message size must be determined based on
the utility of the data to aid the driver. Thistradeoff will identify how much
additional data is of interest to the driver beyond the minimal hazard alert. A
second factor to be considered isthe utility of sending aminimal message
identifier (e.g., message No. 43) when message No. 43 isstored in thereceiver in
amore extensive form to be displayed or announced to the driver.

2)  TheOverhead Content of the Transmitted Waveform - In additionto the
actual datafor the alert message, the transmitted message must contain certain
overhead fields. A start of message preamble and amessage ID field are
necessary. Error detection coding is necessary to assure that only valid messages
are displayed. The size of thisfield must be selected. The utility of forward
error correction coding will be assessed. Overhead for amplitude comparisonis
required for multimode transmit antenna systems.

3)  TheCenter Frequency and Bandwidth of the Signal - The frequency band
will have to be selected to provide minimum interference with other systems.
FCC regulations restrict this choice to limited bands. The bandwidth of the
signal will be dictated by the number of transmitted bits and the burst duration.
Short-burst durations are dictated by the need to avoid message contention
resulting from nearly simultaneous transmissions.

4) Transmit/Receive Configuration - Although the referenced report assumes  a
receive-only configuration, other systemswhich might use the receiver consider
half duplex operation for ranging and other functions. SinceeventhelVSAWS
operation may beimproved by having atransmit capability, thistradeoff will
determine its utility.

5) Techniquesfor Providing Coverage Control - Hughes will assess the use of
dua mode (i.e., directive beam + omnidirectional coverage) antennas, inhibitor
transmitters, and position information derived from an intelligent highway to
determine when an alert message applies to the automobile. _

6) Assess Various Driver Display and Acoustic I nterface Technologies - Hughes
will assessthe utility of various display and announcing systemsto alert the
driver to ahazard. The utility of special features, such asdriver acknowledge
and the ability to request exe/anded information, will be assessed.

7) Phézcal Partioning of the IVSAWS RF hardware - Assuming that the
IV SAWSRF hardware isimplemented as Application Specific Integrated
Circuits (ASICs), the optimum partitioning into one or more ASICstor
performance and production cost w-ill be determined.
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8) Reliability Assessment - Thereliability of the IVSAWS hardware will be
determined based on ﬁrel iminary and final partitioning of the [VSAWS
hardware. Design techniques to maximize the mean time between failures
(MTBF) will be provided to the design team.

9) Impact of Self-Test/Fault Isolation - The mechanization of self test functions
will be considered to identify when failures have occurred that would degrade the
performance of the NSAWS hardware. Fault isolation tests to be availablein a
test mode will be considered to aid techniciansin isolating faulty IVSAWS
components.

10) Production Cost Studies-The production costs of the baseline ASIC  chip-
based hardware will be projected based on GM-Delco’ s assessment of ASIC
costs.

11) Applicability of Spread Spectrum - An assessment of spread spectrum
modul ation techniques will be accomplished, including signal excision in the
presence of interference and the separation of multiple simultaneous received

mesaa?es

12) Drivelmpairment - Asidentified in Report No. FHWA/RD-8 |/124, alcohol,
drug abuse and fatigue will have direct effects on attention, judgment, reaction
time, and lockout. The degree to which any of these can be incorporated into
|VSAWS testi r;? is questionable. Obviously drug abuse cannot be included.
Doesthe Federal Highway administration anticipate:

a theuse of alcohol to establish alevel of in attention, lack of judgement , etc.
on the part of test drivers? If so, what level of blood a cohol is acceptable?
0.05, 0.08, 0.10?

b. the use of fatigue to establish alevel of in attention, etc.? If so, what level or
criteriais acceptable? 24 hours sleep deprivation?, 36 hours sleep
deprivation?, a combination of sleep deprivation and exercise?

13) Display Technology - The state of the art of vehicle design has expanded to
include not only instrument panel indicators/symbols, but also driver control
stations that provide touch-screen CRT/displays as well as Heads Up Displays
(HUD). Currently HUDs and EL/CRT displays are _Pot_ennal options to the
buyer/driver, however in the near future the EL/CRT display will be broadly
available. Doesthe FHA exclude either of these two display options from
consideration in the study?

14) Vehicle T%pe - The type of vehicle was not expressly identified in Report No.
FHWA/RD-81/124. Consider vehicle type in relation to driver age. Review data
to determine most likely vehicle type (e.g. sports, 2-door, 4-door, pickup, €tc.),
for use in the study.

15) Alert Messages -Based upon University of Michigan felt experienceit is felt
tEat Task B has significant issues relative to the selection of alert messages and
their content:

1). The messages should relate to “significant” hazards so that a hazard alert
warning gives the driver cause for serious concern. He should not be given
so many warnings that he routinely dismisses them, nor so few that he does
not get Information on real hazards to his safety. o

2) Theinformation presented to the driver should be sufficient to understand

%opreu ate the message. _ ' .

he selection of data presented should lead the driver over a period of timeto
form an opinion that such alerts provide valuable information to him.
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Section D - Organization of the Work Plan
Subsection 1 - Overview

D-O

1. Overview of the Task Flow

RFP Ref SOW Tasks A - K: Section L.I1.D

A key factor in the performance of the task sequence will be a thorough review of
the communications requirements to account for a multifunction system and the
inclusion of advanced display/announcing technologies in the assessment of the
driver/warning alert subsystem

FigureD. 1.1-1 shows the task flow envisioned by Hughes. Its structure agrees with
that specified in the RFP SOW. Hughes will observe al the required COTR approvals.

Hughes recommends several changes to the scope of the study to enhance the utility
of the effort. Task C will incorporate a projection of other requirements for the in-vehicle
receiver to support highway/driver information systems. These projected requirements
will be supplied from other Hughes highway safety contracts and programs and from the
GM organization. Hughes believes thiswill expand the market base for IV SAWS.

In Task E, advanced technologies for displaying or announcing datato driverswill be
included in the assessment of the driver alert warni n_? subsystem, as well as conventional
acoustic and flashing icon warnings. Hughesis familiar with the liability requirementsto

provide the driver with sufficient datawhile not distracting him from his current
situation.

Hughes will draw on its experience and simulation facilitiesin devising displays and
aert systemsfor pilots aswell asthe GM experiencein this area. Hughes tour-year
participation in the FAA Advanced Automated Air Traffic Control System resultedin
advanced color touch display operating in real time. The Hughes Driver Simulator
provides adynamic, driver-in-the-loop automobile simulator used for development of the
automotive Heads-Up Display (HUD).

Hugheswill use GM vehicles with specially modified displays and announcing
stemsfor the test program. The availability of these vehicles through GM ét no cost to
the program allows much more sophisticated display/announcing strategies to be tested.

Hughes will provide a detailed final report together with a plan for developing a state-
of-the-art, al-digital receiver using the semiconductor technology base to develop
Application Specific Integrated Circuit (ASIC) components. This development will
include self-test features to complement the already high reliability inherent in the
semicondutor based chips.

The proposed 1VSAWS program schedule is shown in Figure D. 1.1-2.
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® Present to FHA and and Worst Case Terrain, ® |dentify Burst Data Rate, Reguirements
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Facilties GM Supplied/Modified
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Select a Driver Alert Sytem Design and Fabricate Test and Demonstrate
® Review HUD, Dashboard IVSAWS System Final System
Display Technology and o Utilize Hughes Cockpit
Acoustic Warning Simulators
Systems ® final In-Vehicle Road
o Review Human Factors Test Monitored by
Test Data on Driver HumanFactors Engineers
Response
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- Specification for * Summary of Resulls
IVSAWS System ® Key Tradeoffs
® Transmitters * Development Plan for
e Data Entry Subsequent Phases
® Coverage Conlrol
® Receivers
® Modulation
® Frequency
® Self Test
© Reliability

Figure D.1.1-1. Task Flow for the IVSAWS Study. Hughes will develop an architecture based
on an assessment of IVSAWS and other requirements so that IVSAWS hardware has a broader

market base.
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Figure D.I.I-2. IVSAWS Program Schedule. The program schedule establishes the task flow,
start and compl etion dates, and the time frames for approval as called out in the contract.
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Section D - Or ganization of the Workplan
Subsection 1 - Overview

2. The Development Plan

RFP Ref: SOW Task A; Section L.1.D

The Hughes plan will concentrate on the requirements for a moreflexible
communications architecture and an affordable implementation based on sate-of-
the-art semiconductor chip designs.

Hughes has made a preliminary review of the SHAWS report, “ Feasibility and
Concept Selection of a Safety Hazard Advance Warning System.” This assessment |leads
to the conclusion that the baseline waveform and receiver istoo limited to be of interest
to the automotive market. The report contains useful data and concepts for dﬁ)l oyment
and control of the IVSAWS system. The Principa Investigator and the lead Human
Factors and Communications Engineers will further review this report during their
preparation of the development plan.

The development plan will be worked out in concert with traffic engineering
specialists at the University of Michigan, who will help the Hughes team assess the
optimum information content to minimize the probability of an accident. The key issues
in this discussion will be (1) the amount of data to be be transmitted by the RF
communi cation subsystem and (2) the techniques for displaying/announcing this data to
the driver. (See Figure 0.1.2-1.)

Hughes believes the five-bit message presented in the referenced report is too limited
and too vulnerable to false alarms to be useful, and will devise amuch more capable
message structure to support IV SAWS receiver functionality.

The Hughes team will pursue an all-digital design using the Application Specific
Integrated Circuit (ASIC) approach to devise alow production cost receiver that can
support multiple data distribution systems. The production cost of such a device can be
held to reasonable |evel s because the devel opment cost would be spread over a market
expected to run five to ten million units per year. Furthermore, properly designed ASIC
components can provide high inherent reliability in the specified operating conditions and
can readily include the required self-test features.

The development plan will also utilize the specialized Human Factors engineering
facilities of Hughes Aircraft and the availability of the latest display technologies on
specially modified GM test cars. Thiswill have the effect of extending the scope of the
program to include a variety of future technologies at virtually no cost to the FHA.
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Section D - Organization of Workplan
Subsection 2 - [dentification of Advisory, Safety, and Hazard Situations

D-6

L

Assumptions and Technical Issues Involved in Implementation of the
IVSAWS Concept

RFP Ref: SOW Task B; Section L.1.D

The lVSAWS concept is based on the assumption that driverswill enjoy reduced
accident risk if effectively advised of upcoming hazards on the highway, The issues
posed by this concept, addressed in Task B of the Statement of Work, pértain tothe
effectiveness’ of the advice.

In the HughesUMI approach to Task B of the Statement of Work, the following
assumptions are used to identify advisory, safety, and hazard situations and the types of
driver messages needed to address such situations:

» The accident record compiled over many years within the State of Michigan, and

supplemented by the geographic locator system called MALLI, “ Michigan Accident
Locator Index,” constitutes a suitable resource for identification of fixed-place
hazards associated with roadway features.

* The operating experience of the Michigan Department of Transportati ogﬂ, BI us the

safety research expertise of UMTRI staff, provides a suitable experiential base
upon which to identify temporal hazards at the roadside, e.g., hazards caused by
construction, maintenance, and traffic control at an accident site.

* The Michigan Department of Transportation, having aworking knowledge of the

Manual on Uniform Traffic Control Devices, is able to identify those warning and
regulatory signsthat should be replicated within an 1V SAWS application,

UMTRIs expertsin experimental psychology applied to drivers and in the study of
accident causation have sufficient grasp of the drivi n%; task to formulate a package
of scenarios and driver messages constituting asuitable |VSAWS design list.

Technical Issues - Key issues involve (@) the significance or risk level posed by the
qualifying hazards, (b) the abiligl of driversto understand and appreciate the message

intended to portray each hazar

and (c) the conduciveness of the message system, over

time, to belief by drivers and thus to corresponding decisions/behavior.
The tradeoffs posed by each issue are as follows:

L

Concerning the significance of risk level, clearly the tradeoff hasto do with the
contextual setting for message presentation. On the one hand drivers do not want
to hear a continuous stream of messages that address al extant hazards; on the
other hand, the confinement of messagesonly to highly i nfreguent hazards

posing enormous hazard (e.g., propane tanker about to explode on the highway)
would minimize the value of a mesgﬂe system. Accordingly, thereisaneed to
prioritize the overall set of candidate hazards to single out those few that occur
relatively rarely but currently exact ahigh accident toll.

Concerning the ability of driversto understand and appreciate [V SAWS
messages, the tradeoff is between various elements in the message formulation.
The “understanding” part is simply the question of cognition, once a perceivable
voice or visud display isengaged. The “appreciation” matter pertains to the
deduced importance or instruction vaue of the message, once its information
content has been understood. The tradeoff is among informational content,
attention-getting, and theimplied risk-level communicated through the message.
The total length of a message stri gg is clearly also pertinent to cognition. In
addition, string length is associated with highway length over which the message

[FHWA H-24]



Is communicated and, thus, spatial clearance between the receiving vehicle and
the transmitter. _ _

Concerning conduciveness to belief, the complex arena of human judgment,
learning, and conditioning will govern the utility of [VSAWS, as people gain
experience with such a_s\(stem over time. Over relatively short periods, such as a
few hours, the driver will be conditioned simply by the frequency and annoyance
factor with which any messages might be heard, as mentioned above. For
example, drivers will tend to disbelieve that a given Situation constitutes a
signiticant hazard if messages advising of this Situation arrive frequently. Over
the longer term, measured in weeks to years, drivers will remember the
correspondence, or lack thereof, between advisory messages and their own
observations as they proceeded aong the road. Thus, the tradeoff is between
delivering al of the messages that seem warranted, given a careful prioritization,
and risking the credibility of the system by presenting too many message or
messages, the validity of which (either informationaly, or in implied risk level)
is not readily confirmable by drivers.

[FHWA H-25]
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Section D - Organization of Workplan
Subsection 2 - [dentification of Advisory, Safety, and Hazard Situations

D-8

2. Approach to Resolving the IVSAWS Tradeoffs

RFP Ref: SOW Task B; Section L.I.D.

Three key issues have been identified; (1) the significance or risk level posed by the
qualifying hazards, (2) the ability of driversto understand and apPreuatethe

message intended to portray each hazard, and (3) the credibility of the message
systemtodrivers. The Hlé?. esUMTRI approach to these issuesisto prioritize hazards
frorFCrggqletled data and refinethe ensuing list in accordance with [IVSAWS
applicability.

Hazard Risk Level - Hughes proposes to adgkpt the IVSAWS concept to specific
hazard scenarios according to an assessment of risk. That is, the overall set of candidate
hazardswill be prioritized to single out those that occur relatively rarely but exact ahigh
accident toll. The risk assessment effort of Task B will be focused on the use of
Michigan’'sMIDAS and MALI statistical databases. Addressing the entire Michigan road
system, the Michigan Dimensional Analysis Surveillance system (MIDAS), and the
Michigan Accident Location Index (MALI) constitutes powerful analysistoolsthat can
be used to (1) identify the types of situations that have the highest potential payoff and
(2) select candidate locations for treatment.

The MIDAS model uses the roadway geometrics and environmental inventory to
analyze accidents by such criteria as laneage, degree of curve, speed limit, and passing/no
passing zone. The MALI system alows for location of each accident site. Data from
policing agencies throughout the state are processed to |ocate the accident on roadway, X
adistance, Y, fromintersection Z, covering asystem of over 100,000 miles of roadsand
streets. The two tools enable peer group comparisons by which one can rank high
accident locations with their geometric and environmental peers so that true outliers can
beisolated as candidates for corrective action. The characteristics of outlying road
sections can then be examined for identification of features requiring hazard warning.

Althou?h an overall ranking of hazard situationswill be developed from the Michigan
data, identification of perhaps six to ten specific candidate locations for treatment will
aso be very informative. Such specific problem locations will be examined to challenge
the selection of accident scenarios and messages with test cases that are known to be
hazardous, despite traditional treatmentsin the past.

The statistical and specific-site examination will then provide aprioritized list of
candidate scenarios and nominal hazard descriptions. Subsequent effort in this task will
then entail arefinement of thislist according to the particular issues posed by the
interaction between IVSAWS and drivers.

Refining the Hazard List - The candidate list will be refined through a process that
classifiesthe various scenarios/messages according to their suitability for IVSAWS
treatment, per se. The methodology is as follows:

1. Statistical datawill be used to characterize each scenario by its frequency of
occurrence, per mile of vehicletravel.

The tradeoff between importance and frequency will then be examined in light of
the desire to avoid the human problem with frequently repeated warning.
Messages will then be formulated with special sensitivity to the matter of
cognition on the part of the driving population. _ _

Cognition concernsin the development of highway signage will be reviewed for
guidance on the tailoring of message content.

> w n
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_ If feasible, ascale of perceived importance in the hierarchy of IV SAWS messages
will be devel oped through the selected phraseology so that drivers will be more capable
of realizing the risk level in a given message. As stated earlier, there will be a tradeoff
between informational content, attention-getting, and the communication of risk-level by
means of the message presentation.

System Credibility - The third level of activity for determining suitable scenarios
and messages for the IV SAWS application concernsthe credibility of the system. Two
such problems of credibility were discussed in some detail in the SHWS report of 198 1.
Oneisafailure to warn when a hazard exists. Thisis referred to in the SHAWS report as
a'le"?/pe 1 error. Another isfalse darms or false warning where no hazard actually exists
(called aType 2 error in the SHAWS report).

The SHAWS report regards a Type 1 error as particularly serious, since it may cause
acollison. However, given that, for the foreseeable future, IV SAWS technology will be
used as a supplement to conventional warnings, a Type 1 error can cause a collision only
if the other warnings fail aswell. In view of this, it may be that Type 2 errors are, in the
long run, more detrimental to overall safety because they will promote disbelief of
warning messages. In the near term, before the driver has become unresponsive to
warnings, false alarms may cause collisions when warned drivers brake unexpectedly in
anticipation of a nonexistent condition, thus raising the spectre of liability issues.

In a situation where the operators can be fully informed of the shortcomings of the
stem (e.g., as with commercial pilots), false alarms can be tolerated to some degree, if
the value of the warning is perceived as being high. For example, an andcollison
warning might be much appreciated by pilots, even if they know that 90% of the time it
means nothing more than an aircraft nearby, simply because of the seriousness of the
situation on the 10% of the occasions when the warning is valid.

Unfortunately, there is no way to reliably ensure that the driving public isfully
informed about operational characteristics that may result in frequent false alarms. No
matter what efforts are made, a significant number of driverswill only know that the
system frequently tells them fal %that ahazard exists. This “cry wolf’ phenomenon
will diminish the effectiveness of that warning and perhaps that of the entire spectrum of
warnings provided. This says that any system that may result from the planned research
or future efforts must produce very few false alarms. Even further, scenarios must be
selected and messaging approaches designed so that the hazard is readi I%/ confirmable by
the driver. Treatment of these design issues will require concentrated eftort from
experimental psychologists and those who have carefully studied the roadside hazard
environment.

[FHWA H-27]
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Section D - Organization of the Work Plan
Subsection 3 - Selection of Appropriate Communications Technology

1. Analysis of Geometry Versus Communications Paths Alert Distance and

Direction
RFP Ref SOW Task C: Section L.1.D

Hughes will determine the propagation range, minimum update rate, and required
signal-to-noiseratio to alert the driver to the assumed hazard and will assess the use
of inhibiting transmittersand multimode antennas as a means of controlling the
cover age.

Hughes communications engineerswill review the scenarios evaluated by the
University of Michigan in Task B to determine how the geometry and worst-case speed
of the automobile determines the minimum coverage range for receiving the alert and the
corresponding minimum time to repeat the message. For example, if a teenager were
racing his car at 120 mph, afour-mile coverage and arepeat time of once per minute
would be required to guarantee that the driver would be alerted one minute before
encountering the hazard.

Conuol of the alert coverage areais akey issue. Asthe RFP point out, atransmitter
located on an overpass should alert only traftic on the overpass and not the lower road.
the coverage should a so be capable of being controlled to alert only vehicles approaching
the hazard from one direction and not the other. The referenced report suggests two
methods of limiting the dissemination of the alert to drivers: (1) control of the radiation
pattern and (2) the use of inhibiting transmitters.

Hughes will assess the use of simple directive antennas such as those used for
television to limit the coverage sector. Beamwidths of the order of 60 degrees are readily
achievable with simple electromagnetic horns, particularly in the 900 MHz band. The
use of a dual-mode antenna, as described in the referenced report, is very helpful in
eliminating reception through sidel obes and backlobes, but it does require areceiver
capable of making amplitude comparisons between two parts of atransmission, and a
more complex transmitter. Figure D.3.1-1 shows the use of a dual mode antennato
control the direction of coverage. The availability of aflexible message structure alows
inhibiting specific message |Ds to limit the coverage, for example, to westbound traffic
on an east-west highway. The inhibiti n% transmitter is placed to the east of the obstacle,
and the receivers on eastbound automobiles are aerted to inhibit display of the alert
message intended for westbound cars.

These techniquesimpose additional requirements on the message structure to support
higher dataratestor the overhead and to allow multiple access without garbling the
individual messages. These concepts further support Hughes assessment of the need for a
more capable message structure and receiver. It is Hughes belief that the need for these
capabilities should be included in the assessment of the requirements of the [VSAWS
communication system
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Figure D.3.1-1. Dual-Mode Antenna Usage. Amplitude comparison circuitry rejects message if
signal level radiant from dipole is greater than that from the directive antenna.
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2. Determination of Communications Architecture
RFP Re:

Hughes will develop a communication link design based on broad experience with
multiple access radio systems, the Position L ocation and Reporting System (PLRYS)
and the Joint Tactical Information Distribution System (JTIDS), and on experience
in human factorsacquired while working with GM on advanced concept
information and display systems.

The communications architecture must be selected al ong with the message content
and the message display/announcing function. The Hughes Communication Systems
Division is at the forefront of the state of the art in the devel opment of advanced
communications systems, including the PLRS for the Army, JTIDS for the Air Force, and
the new Advanced Anti-Air Engagement System for the Navy (NAVAIR). Hughes
human factors engineers are working closely with GM to devel op advanced display
conceptsincludi ngr adaptation of the pilot’sHeads Up Display (HUD) to projecting
iﬂforrggi ondirectly into the driver’ sfield of view so he does not have to take his eyes off
the road.

The IVSAWS team includes engineers who have played key rolesin al of these
developments, ensuring that the Government will have access to both the high technol ogy
and to the latest concepts in vehicle automation.

The methodology for thistask is summarized in Figure D.3.2-1. It assumes alist of
hazards prioritized according to their frequency of occurrence, together with dataon
typical and worst case roadway layout and terrain obstructions. This database will be
provided by the University of Michigan, which will aso provide guidance on the
frequency of message repeats based on the time between the first reception of the
message and the time at which the hazard is encountered, based on the automobile speed.

In addition, the architectural task will include inputs from the man-machine interface
technologies (i.e., displays and voice announcers). Human factors will provide guidance
asto the optimum amount of information to be displayed or announced and which
techniques should be used for which part of the information.

FCC regulations on frequency usage will be another input to the frequency selection
part of the studK, Preliminary identification of bands include the MF band from 550 KHz
to 1600 KHz, the 300 MHz band, and the 900 MHz mobile telephone band. An
assessment of co-channel interference level will be made, particularly if aspread
spectrum system is used.

The choice of frequency will be heavily driven by the pr_op?ati on |osses and the
background noise, which together determine the available signal-to-noise ratio. Figure
D.3.2-2 shows how the available signal-to-noise ratio margin varies with frequency for a
link with the following parameters:

1 watt transmitter

3 mileline of sight path loss (I/R2 l0ss)
Omnidirectional antennas

Urban, suburban, and rural noise environments
100 Kb/s data rate

Differential Phase Shift Keyed (DPSK) Modulation
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As figure D.3.2-2 shows, the link margin is strongly affected by background noise
and that, with the exception of the excess path loss resulting from buildings, terrain, and
foliage, the margins are not strongly frequency dependent.

The link margin determines how much additional propagation loss caused by
buildings, terrain obstacles, and foliage attenuation can be accommodated.

The methodology shown in Figure D.4.B-1 shows three major subtasks. The first
subtask will involve assessing the list of prioritized hazards together with the available
display and announcing technologies to determine the information and method of display
to be presented to the driver. The Human Factors Personnel involved in Task E will
participate in this task to provide guidance on optimal methods of alerting the driver
without annoying or distracting him. They will also provide guidance for alerting drivers
with disabilities such as hearing impairment, or who might be momentarily distracted.

The result of this subtask will be several sets of candidate message contents for each
prioritized hazard. A range of candidate messages will be needed to determine how the
data rate requirement varies with the amount of data. For example, one set of candidates
might use a stored dictionary of words to compose the message in the receiver. The
message would then consist of a sequence of words selected by a limited number of bits.
This option would lead to very low data rate communication requirements but at the cost
of a very inflexible architecture. This assessment will have to include the effect of data
entry in the IVSAWS transmitter. A set of "canned” messages might be desirable to a
police officer setting up an IVSAWS transmitter at an accident site.
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Figure D.3.2-1. Communications Architecture Selection Methodology. Hughes will review and incorp-

orate all potential requirements before selecting the baseline IVSAWS communication architecture.
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2. Determination of Communications Architecture (Continued)

The next study will determine the overhead and overall datarate and bandwidth
needed to meet them e duration and repeat cycle constraints established in Task B
for the example hazard. This study will include the effects of start of message preamble,
message |D and error detection coding overhead as well as the bandwidth expansion of
error correction encoding. If a dual-mode antenna system is involved, then it will be
necessary to include system overhead to make an amplitude comparison between the
directive and the omnidirectional antennamodes.

Fi nali%, the frequency and data modulation must be selected. Hughes has
considerable background in determing propagation losses as a function of frequency and
various excess |oss mechanisms, including undulating terrain, buildings in urban and
suburban environments, and foliage on deciduous trees. One tool used to characterize
propagation loss and coverage is the Langley-Rice computer model, which has been
validated for application in Army programs. This model isinstalled on the
Communication Systems Division VAX computer and isimmediately available for
application to this task. Hughes is very familiar with the effects of multipath fading in an
urban environment, particularly on UHF frequencies (300-3000 MHz).

In addition to selecting the center frequency of the transmission, it is necessary to
select the burst data rate and, possibly, the spread spectrum bandwidth. Short high rate
burst transmission is probably needed to minimize the effects of simultaneous multiple
transmissions. The message will be digital and a simple noncoherent data modulation,
such as Differential Phase Shift Keying (DPSK), will be used. Spread spectrum
waveforms are a possibility to overcome multipath fading and co-channel interference.

Spread spectrum waveforms provide an ideal method of separating transmissions that
oveélao in time. With sufficient spread spectrum processing gain (apﬁ)roxi mately 100: 1
spreading ratio), two overlapping signals of equal power can be easily separated. A
single channel receiver will respond to the first preamble and reject the second message
sinceit isnot synchronized. A dual or multiple channel receiver with acommon
preambl e detector can process the overlapping messages without any garbling.

Depending on the expected worst case interference level, the need to include
narrowband interference excision in the receiver will be considered. Interference
excision isreadily achievable with adigital receiver and Fast Fourier Transform (FFT)
processing.

The three subtasks will have significant feedback to account for the interactions
between the data rate and frequency selection effects. These paths are not shown in
Figure D.3.2-2 to simplify the appearance of the diagram.

The result of this task will be a baseline IVSAWSIink design, including both the
digital datatransmitter with data entry interface as required and areceiver with digital
message storing and message processing.

Thistype of system can be implemented in an affordable package by using ASC
technology to develop alow per unit cost, all-digital production design.
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3.  Definition of Communication Elements
RFP Ref: SOW Task C: Section L.I.D

To meet the low cost required to make this system feasible, the transmitter and.
receiver designs chosen tor the ultimate baseline s?;stem will beimplemented usinga
minimum number of MMIC and ASIC circuits. The flexibility of this design will
support user-friendly operation and control.

Hughes believes that atransmit/receive system will be available as part of other
automobile information systems. With this assumption, Hughes recommends
consideration of both receive-only and transmit receive systems.

Considerable effort remains before foal determination can be made of the frequency
of operation and the modul ation waveforms and information content for the ultimate
IVSAWS system. Asindicated in the SHAWS Study Report, there are significant
advantages to atwo-way link capability. Through the use of Application Specific
Integrated Circuits and Microwave Monolithic Integrated Circuits (ASICsand MMICs),
significantly greater complexity can be achieved without greater costs, thereby making
such atwoway system worth considering in these tradeoffs.

Most of the waveforms being considered for the ultimate system allow the transmitter
and receiver to have a high degree of commonality with the receiver being the more
complex of the two. The receiver consists of two primary functions: a message and
signal processor, and an RF/analog section. With modem MMIC technology, the

dition of the parts needed to provide the automobile with atransmitter and thereforea
two-way link might have little or no impact on the cost of the overall unit.

The message and signal processor will consist of amodem chip (or chip set) and
special processing logic. The modem chip will be used for converting (analog to digital)
sampled data from the RF subassembly to a serial bit stream for subsequent processing by
the message processor unit. The modem chip set will provide the required bit time
tracking loop requirements. Since cost will be adriving factor for the receiver system,
non-coherent signal processi n? will be used to eliminate costly phase tracking circuitry.
The modem logic will aso include some type of simple forward error correction
decoding and preamble/ID recognition logic.

The demodulated output data from the modem will be saved in memory and used to
control and drive both the voice synthesizer chip and visual display modulator. The
approach for voice synthesiswill be determined during the course of the IVSAWS study,
but both canned messages and real-time messages may be required for successful system
operation. If thisisthe case, resident memory will be included in the IVSAWS Driver
Alert Warning System (DAWS‘) to store not only canned hazard messages, but real-time
digital voice. In this manner, if the vehicle occupants request arepest of the last received
message, they need only request a retransmission from the buffered dataiin the vehicle's
DAWS memory, as opposed to requesting aretransmission from the distant transmitter.
An automatic timeout function will be included to clear DAWS memory if and when
Beriodic updates are not received from the transmitter. The visual display modulator will

e used to drive and refresh the color display monitor.

The message and signal processor requirements lend themselves to the use of
Application Specific Integrated Circuit (ASIC) devices. Hughes is experienced in
developing chip sets with microprocessor embedded dies. This approach allows for low
recurring cost implementations. The availability of amicroprocessor component in the
Driver Alert Warning System will add extremely efficient flexibility to the [VSAWS
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system by providing ease in reprogramming both stored voice synthesis and display
driver graphics. The microprocessor software will include self-test diagnostic routines to
test the DAWS electronics during both initial power turn-on and actual operation.
Microprocessor CPU utilization is expected to be very low, thereby allowing for system
self-test functions in a so-called non interrupt background mode. The basic design can
also (if required) provide fault isolation to allow technicians to identify the failed module.
The receipt of a hazard message will generate a vectored interrupt to the microprocessor,
which will initiate audio synthesis and/or visual display. It is expected that in some cases
(depending on the priority of the hazard) the microprocessor outputs will automatically
interrupt/override existing audio (car stereo) within the car for urgent hazard warnings.
The combination of automatic override, interactive use of the system (voice synthesis
retransmission request), combinations of voice synthesis and visual displays and human
factors studies are all aimed at an [IVSAWS DAWS characterized by user-friendly
controls, high reliability, dependability, and low recurring cost.

The RF section must provide all the analog and RF signals necessary to generate or
receive the over the air waveforms. It will contain circuits operating from low frequency
analog (such as the controls driving the modulator) to high speed RF (such as the PLL
generating the RF carrier). Currently available RF/Analog ASIC and MMIC
technologies include fairly complex circuits such as multi-bit analog to digital and digital
to analog converters. Advances are being made in the state of the art, allowing much
higher speed, higher density silicon processes.
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Figure D.3.3-1. Typical Mixed Mode Digital/Analog ASIC currently in development at Hughes. With
the 50% reduction in production costs resulting from this IR&D effort and the quantities expected for
the IVSAWS, the cost for the ASIC is expected to be about $ 5.
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4.  Use of Computer Models for Communications Analysis
RFP Ref: SOW Task C; Section L.1.D

Hughes communications specialists aretrained in digital waveform design and
optimization in marginal signal conditions, including low signal to noiseratio and
fading signals. Supplementing this experience are Hughes sophisticated computer
models to analyze propagation loss and other signal processing designsto give a high
degree of confidencein the selected design.

The Hughes Communications System Division (CSD) engineering staff isintimately
familiar with the problems of designing asystem to work under marginal conditions.
Hughes CSD has pioneered the use of spread-spectrum modulation and error correction
encoding to counter the effects of noise, impulsive interference and fading signals.
Supplementing this experience are Hughes sophisticated computer modelsto analyze
propagation loss and other signal processing designs to give a high degree of confidence
In the selected design.

The Hughes Communication Systems Division (CSD) engineering staff isintimately
familiar with the problems of designing a system to work under marginal conditions.
Hughes CSD has pioneered the use of spread-spectrum modul ation and error correction
encoding to counter the effects of noise, impulsive interference and fading signals. Much
of the analysis will be performed using well known results from the field. This approach
will allow usto narrow the architectural design problem to the resolution of afew key
ISsues:

. The number of bitsto be transmitted in a message, including overhead for each

message type

. The burst data rate and transmit duty factor

. The appropriateness of aspread spectrum waveform

. Theselection of the frequency band

These issues were discussed in the preceding topic. OnI?/ one requires a computer:
anaysis. Namely, theissue of frequency selection is strongly determined by propagation
coverage in rolling terrain. This analysis has been addressed with the Langley-Rice
ﬁropagatlon model, which has been standard in the US Army for more than 10 years and

as been carefully vaidated with experimental data. Hughes has extended the model to
include the effects of foliage attenuation. Figure D.3.4- 1 shows the use of the Longley-
Rice Model in arework management context.

. A point-to-point mode, which uses aterrain profile and computes the path [oss
based on aseries of knife-edge diffractionlosses _

. Anareamode, based on data from the Defense Mapping Agency height dataor a
two dimensional random surface with a specified roughness

The output from this program gives amean propagation |oss and the expected
variance in the propagation |oss between any number of specified terminal pairs.

The Longley-Rice model will be used extensively in establishing the effects of excess
propagation loss as a function of frequency.

Additional computer analyses and simulation may be used to optimize waveform
parameters as the study progresses and the baseline waveform parameters are determined.

[FHWA H-361



Coordinates DMA
of Interest  Data

l

:

Altitude
Data
Generation

Data

; Rev Power
Termain 1 evended ::::::&Zt: Total PComm
»| Longley-Rice Propagation ™ conversion
Model Mean Excess | Loss >
Path Loss
T T I PComm
Power Levels —
Antgr}na & Foliage e
Position Data  Data Receiver Connegtivity
Characteristics Analysis

PComm Summary
Statistics

Figure D.3.4-1. Hughes Network Management Algorithm Development Tools Software. Hughes will
use its highly refined communicatons connecivity analysis tools to assure an effective communication
systems architecture and accurate modeling of communication performance.

[FHWA H-37]

D-21

(EtW) ¢ -12060



Section D - Organization of the Workpian o
Subsection 3 - Selection of the Appropriate Communications Technology

D-22

5. Definition of Method of Alerting Drivers

RFP Ref: SOW Task C; SectionL.l.D

Using past experience and current research, Hughes human factors and systems
engineering personnel will determine a practical method for alerting driversto
hazards, at a distance appropriate to allow corrective action.

Hughes has had considerable experience over the last 30 years designing display-
intensive user-interface systems that require rapid operator understanding and reaction.
This experience has ranged fiom early monochrome displaysfor U.S. Navy Tactical Data
Systems (NTDS) to current full-color air traffic control systems. As both military and
commercia systems have become more complex, the need for effective human factors
h:dqrown. Human operators or drivers must assimilate information rapidly, identify the
need for action or inaction, decide on an appropriate action, and respond correctly. In
nearly al casesthis response must be 100 percent accurate to avoid a hazard, system
damage, mission failure or the death of many persons. For this reason Hughes takes the
IV SAWS study very seriously and hasidentified prior studies and programs that provide
a strong basistor selecting an appropriate method for aerting drivers of varying agesand
degrees of attention.

Two recent activities provide relevant data toward the selection of methods for
aerting automotive drivers. Thefirst provides the results of the Federal Aviation
Administration/Advanced Automation System (FAA/AAS), System Design Trade Study
reported in March of 1986. Within thisfouralear study are relevant trade studies that will
contribute to an effective means of aerting drivers. These include the following:

. Ef:‘jects of task difficulty on performance of simulated tasks as a function of color
coding

Effect of display density, color and exposure time on operator accuracy

Effect of color asafunction of display density

Angular limits for color detection with head and eye fixed

Expanded angular limitsfor color sensing, assuming freedom to move head and

es
%{fects of display and density exPosure time on accuracy of target location
» Recommended symbol size asatunction of the number of colors used on the
display _

+ Reading accuracy asafunction of symbol color

» Responsetimeasafunction of misregistration

The overall effect of these studies, combined with additional design development, has
provided ameansfor air traffic controllersto accurately, safely, and effectively perform
their tasks within highly time-critical parameters. The FAA judged Hughes' design
technically superior. An example of FAA/AAS Candidate color application to potential
hazardous situations is shown in Table D.3.51

The second study is currently ongoing with the direct involvement of the Cit_Y of
Orlando, Florida, General Motors, AAA, and the University of Idaho. Hugheswill
develop aDriver Interface Specification that describesin detail the operational, functional
and E)/erformance requirements necessary to design, develop and test the interface for
TRAVTEK. The mission of the TRAVTEK Driver Interface is to provide displays and
controlsto aid the driver in the selection of the best route to a designated destination,
given current traffic conditions. In addition, the driver is supplied with information on
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TABLE D.3.5-1. MAJOR BENEFITS OF COLOR TO AIR TRAFFIC CONTROL

Display Functions Advantage of Color

Flight Specific Data

Hazardous
Conflict Alert Quick Locationof incident and causal
factors
Minimum Safe Altitude Quick location of aircraft
Emergency Quick location of aircraft
Airspace Encroachment Quick locatiorof aircraft and airspace
impacted
Handoff Rejection Reduce coordination communications
Potentially Hazardous
Handoff/Pointout Status | dentifies need for controller action
Track Deviations Early identification could preclude hazard
Spill OutySpill Ins Early identification could preclude hazard
Unusual Maneuvers Controller bases action on anticipated
Rate of Climb - Descent aircraft behavior

Excessive or Abnormal Speedin | Early identification could preclude hazard
Termina Environment

Altitude Nonconformance Early identification could preclude hazard
AreaProbes Early discrimination of probe
Flow Control Violations Quick location of aircraft and type of
violations

Non-Hazardous

Track Update Quickly seen as normal operation
. Dynamic _
Weather Graphics Various weather products and intensities
_ _ discernible
Specia Use Airspace Status Status alwaysreadily visible

Specia Activities- Parachuting, etc. | Information alwaysreadily visible
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local events and with a cellular phone connection for further information and emergency
use.

Hughes is currently developing the prototype color display, icons/'symbols, and
graphics, and is supporting voice output and audible alerts. Hughes Human Factors
responsibility is the Driver Interface that provides the inputs and outputs between the
vehicle subSystem of TRAVTEK and the vehicle driver.

Participation in these studies, combined with ongoing General Motors activity, permit
Hughes Human Factors to be aware of the various factors that influence the selection of a
driver aerting method. Additional data, relevant to the older driver, is provided by
Hughes General Motors association with the Unlverstg/ of Southern Cdlifornia, Institute
of Safety and Systems Management. A March 31,1989 report (No. PB276626),
addresses the age-specific needs as well as physical, sensory-motor and motivational
characteristics of elderly drivers with regard to comfort/performance, safety and
confidence in the effective operation and usage of a motor vehicle. This nport made
evident severa factors influencing a design for those over 50 years of age, and that must
be considered for an effective aerting method:

. Body size and shape o

. Range of motion and joint flexibility

. Strength and force

. Biomechanica injury

. Sensitivity to glare

. Visud field o

. Acuity and contrast sensitivity o

. Cognitive changes (attention, speed of decisions, judgment)

~ Based on the above studies, Hughes does not propose a single method of aertin
drivers, but anticipates the use of multiple alerting capabilities. Hughes Human Factors
¥VIIIII investigate a combination of visua and auditory alerting capabilities that include the
ollowing;

. In-dash touch-panel color display

. Heads-up color display

. Instrument panel indicator displays
. Voice output

. Tone/signal output

Hughes Human Factors believes that a combination of visual and auditory alerting is
necessary to obtain the attention of drivers who are hearing impaired, require corrective
lenses, or are elderly. This combination, with some visual or auditory enhancement,
should also accommodate drivers with reduced attention.

Upon conclusion of this research supported by the laboratory facility described in
D.5.2, it is anticipated that, based on cost and availability, one visual system will be
selected, in combination with one or two auditory systems, as the report
recommendations submitted to the COTR for approval, procurement and test.
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1. Selecting Available Equipment for the Demo

RFP Ref: SOW Task D; Section L. I. D

The demonstration will be conducted with available off-the-shelf equipment as the
core of the transmitter/receiver subsystem. Hughes is developing a low-cost spread

spectrum transmitter/receiver for a vehicle location system that will be evaluated as
alternative evaluation equipment.

Hughes is one of the leading companiesin the world in the devel opment of
communications systems, including spread spectrum systems. One such system
developed by Hughes is the Position Location and Reporting System (PLRS). This
system uses a spread spectrum waveform very similar in nature to the DPSK format
being considered for [IVSAWS. Laboratory and field tests have shown that the
PLRYEPLRS system is capable of receiving a DPSK signal. If commercialy available
equipment proves unsuitable for use as the demonstration units, it may be possible to use
the hardware developed for an offshoot of PLRS known as the Vehicle Location System
(VLS). This system uses modified PLRS receivers and a small DPSK transmitter to
achieve point to point communications of digital messages.

While Hughes expertise in the devel opment of spread spectrum systemsis very
critical to the development of the find configuration units, the demonsnation is expected
to be carried out using acommercialy available system. One commercia system
currently being considered for use in the demonstration system is based on the Advanced
Rapid Local AreaNet (ARLAN) System developed by Telesystems SLW Inc. of Ontario,
Canada. This system is designed as a wireless intraoffice communications system to
alow personal computers to communicate. It was used by Hughes in 1989 to outfit a
race car for General Motors. The system was configured to relay data from various
onboard systemsto a central |ocation. The tests were highly successful and prove the
applicability of ARLAN to atest likethat envisioned for IVSAWS.

The ARLAN unit usesa DPSK spread spectrum format to provide communication of
digital messages. The system operates at a center frequency of 915 MHz with a
spreading bandwidth of 26 MRz. It can maintain data rates of up to 19200 baud rate. It
IS designed to be controlled by a personal computer, and has a standard RS-232C
interface. Because it is designed for intraoffice communications its range is limited. An
external power amplifier, low noise preamplifier, and a modified antennawould be
required to meet the needs of this demonstration. Table D.4.1-1 summarizes some of the
important operating parameters of the ARLAN unit.

An interface box would be built containing the ARLAN unit, a power supply, power
amplifier, low noise preamplifier, and bandpass filters configured to reduce susceptibility
to undesired interference from normal broadcast and other sources. The power supply
will be capable of generating &l voltages required for the ARLAN and other units from
either automotive or fixed site battery sources. A standard voice synthesizer chip will be
used as required to support announcing alert messages to the driver. This device will be
driven from alimited vocabulary dictionary with digitally addressed entries.

An analysis of transmission power levels required to meet link margins will be made and
apower amplifier of sufficient level will be chosen accordingly. Similarly, the gain and
noise figure for the LNA will be determined and a unit chosen. One area of particular
concern isthe type and configuration of the antenna or antennas required to provide
desired transmission and reception coverages. Significant effort will be required to
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determine suitable antennas and antenna placement on both the transmit and receive

platforms.

Hughes will select an installation package in the car which will assure simplicity of
operation, freedom from inadvertant activation and will be secure from vandals.

TABLED 4. |- 1. OPERATING PARAMETERS OF THE ARLAN SYSTEM

User Interface
Type:
Speed and Format:

Radio
Frequency:
Modulation:
Power Output:
FCC Regulations:

Data Link Format

Serial RS-232C, full duplex

Asynchronous, 7 or 8 bit ASCI I, even, odd or no parity, 1
stop bit 300, 1200, 2400, 4800, 9600, or 19200 baud.

915 MHz (center of band)
Spread spectrum over a26 MHz bandwidth
1 watt maximum

Operates license-free under FCC Part 15 asalow power
spread spectrum system.

Multiplexing: Packet Radio
Rate: 200 kb/s
Media access. Multiple access and adaptive polling
Addressing: Virtually unlimited (open addressing)
Encryption: User-programmabl esoft-key
Physical
Size: 2.5x 4.75 x 10 inches
Weight: 221b
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1. Définition of Driver Alert Warning System

RAPRcf: SOW Task E; Section L.I.D.
Hughes will evaluate both available and pro{/\ejctedlstate of theart displays and voice
announcing devicesto select a Driver Alert Warning System Baseline. Selection
criteriawill include driver reactions, the limited availability of space for display,
and the needs of physically impaired drivers.

The Driver Alert Warning System (DAWS) represents those components (hardware
and software) resident in a vehicle which are used to convey information concerning
advisory, safety and hazard situations to the driver of the vehicle. One of the main
purposes of the proposed studly is to determine the specific components which make up
an optimum DAWS. Optimization parameters include driver sefety, system
effectiveness, producibility, maintainability, reliability, recurring and non-recurring cost,
Size, power, wei %ht, environmental characteristics, installation complexity, system
expansion/growt cgf)abiliti&s, integration effectiveness with existing vehicle systems,
usefulness by normal drivers, physically impaired drivers, and different age groups, as
well as acceptance by the motoring public. Obviously, many of these parameters
represent diametrically opposed implementation constraints. The |VSAWS study will

dress and weight each DAWS parameter for determining an optimum Driver Alert
Warning System.

The Hughes approach to developing the IVSAWS DAWS s to provide a base for a
fully integrated audible and visud display system, which not only satisfiesthe [VSAWS
requirements, but also provides for integration of existing (odometer, tachometer, fuel
status, oil pressure, engine temperature, climate control, di ﬁnosti C reports, warning

stems, radio, direction signals, etc.) aswell as future (Intelligent Vehicle Highway

stem |VHS), Radio Determination Satellite System (RDSS), Vehicle Location System
(VLS), etc.? automotive systems. This approach is considered necessary because of the
extremely [imited amount of usable instrumentation panel space and human factors
congtraints.

Hughes has recently conducted an extensive acoustic study for General Motors
related to the measurement of noise generated within the passenger compartment of
moving vehicles. Although this study was conducted to determine the freguency
spectrum and levels of noise sources at various speeds for the purpose of developing
noise cancelling headsets for vehicle drivers, the study does provide val uable assistance
for determining the type and level of audible/voice synthesis methods required for
effectively aerting automotive occupants. To provide optimization as well as coverage
for hearing impaired drivers, it is expected that visual display requirementswill also
evolve from the [V SAWS study. Assuming the use of a combination of both audible and
visua display technology, the driver alert warning system must be designed to assure
simple, non-confusing effective operation. The method of warning the driver via DAWS
represents a key technical challenge to the IV SAWS study.

Although it is anticipated that afully integrated DAWS voice synthesig/display
system will be required, human factors studies will be used to determine the amount,
overlap and effectiveness of audible/visual display technology required for normal,
hearing impaired and visually impaired drivers.
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The hardware expected to be used during the demonstration part of the [VSAWS
program to emulate the DAWS system is expected to consist of the following main
components:

1. Anantennareceiver, and digital demodulator

2. Dash-board mounted Color display unit (4" to 7" diagonal)
3. Portable PC

4. Voicesynthesizer card for portable PC

The personal computer will be used to process digital data output from the spread-
spectrum modem for appropriate formatting of symbols and messages. It is envisioned
that for the demonstration a subset of the ultimate programs icons(/fi ctogtr)ams/symbols
(tell-tales) will be used. In addition a plug-in voice synthesizer card will be used in the
PC for generati ng audible tones and/or messages for the driver. These components will
beinstalled into avehicle provided by General Motors. General Motors currently has
several vehicles|oaned to the Hughes Fullerton facility which will be used for testing and
evauating the IVSAWS DAWS system. The above quipment will be instrumented with
test equipment required to perform human factors engineering studies (refer to next
section) and communications throughput/processing tests.

[FHWA H-44]
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2. Human Factors Testing of Driver-Alert Warning System
RFP Ref: Sow Task E; Section L1.D

Hugheswill confirm the feasibility of a selected Driver-Alert Warning System
interface through state-of-the-art"empirical human factors laboratory testing.
Preliminary measures of effectiveness will be established and refined taking into
consideration the needs of older driversas well asimpaired drivers.

Thetesting of a Driver-Alert Warning System will be predicated on data derived
during the human factors engineering analysis phase of this study as well as data obtained
during selection trade studies. The initial task data contained in Report No. FHWA/RD-
8 1-124 will be compared to, and updated by, data contained in the study commissioned
by the U.S. Department of Transportation (DOT) and the National Highway Traffic

ety Administration (NHTSA),_Driver Education Task An ask
Description. Contract No, FH-1 I-7336. The Univeraty of Southern California, Institute
of Safety and Systems Management, further refined the task datain Report No.
PB276626, for a General Motors study involving mature drivers over 50 years of age.
These data, task analyses, and functional allocations will provide the bases for the
development of acritical task analysis and scenario relevant to the testing of the driver-
aert warning system.

The selection of the appropriate driver display will be the result of joint trade studies
conducted by human factors, Systems engineering, electrical engineering, and mechanical
engineering personnel. Three primary candidates include (1) instrument panel tell-tales
(symbols), (2) heads-up display, and (3) touch panel CRT. Prior to selectm%of a
par}di(jdate or candidates, a number of visua factorswill require resolution.These factors
include:

Appropriateness of screen icon/pictogram/symbol
Comprehensibility of icon/pictogram/symbol
Effectiveness of icon/pictogram/symbo
Appropriateness of voice/tone output
Comprehensibility of voice/tone output
Effectiveness of voice/tone output
Advantage/disadvantage of color

Useful number of colors

Color discriminability

In regard to thefirst three factors, the International Standardisation Organization
(IS0) has devel oped a standardization procedure to ascertain the comprehensibil |3/_ of
?rap ic symbolsintended for the presentation of public information. The standard is, in

act, adesign brief. Crucial in the standardization procedure is that objective proof be
provided that the symbol used for the standard image description be understood by the
potential users. 1S0 uses an acceptance criterion of 67% correct responses.

The American National Standards Institute (ANSI) standard 2535.3 (ANSI, 1987)
recommends an 85% recognition rate for a pictogram to be considered acceptable for
generd use. It isincumbent on Hughes to carefully and empirically test the use of any
symbol or icon independent of the Driver-Alert Warning System.

In regard to voice technology, Hughes Radar Systems Group, Automotive Programs,
recently completed a GM restricted report, Speech Recognition Technology  ev, June
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1989, Report No. 89-07/G7690-001, that provided certain tentative conclusions
applicable to this study. The abridged conclusions follow.

1. Speech technology, for the foreseeable future is not a panacea for
automotive control/display designers. Natural jaeech Input is
unIikeI%/ asishighly accurate performance for all speakers.

2. Nevertheless, upwards of 95 percent recognition should be
achievable for smal but useful vocabulariesif they are properly
designed. This accuracy should be relatively independent of
normal automotive noise levels. . .

3. Most current systemsthat do not require training of individual
users employ small, specialized vocabularies. . .

4, ...Withintegrated circuits continuing to be improved asthey
have been, an inexpensive, completely self-contained automotive
speech recognizer isalso adistinct near-term possibility.”

As with symbol selection, voice input/output must be tested to ensure
comprehensibility and understanding. Driver agreferences for speech versus tone as well
asmessage content will be reviewed during laboratory testing.

The last three factors deal with color application applicable to symbol/pictogram/icon
as well as with the specific display device used. Table D.5.2-| identifies some major
factors to be considered in the selection of colorsaswell as the design-sensitive factors
that relate to their usage. These factors will be considered during Hughes empirical
laboratory testing.

Two specific laboratories at Hughes will be considered for initial empirical testing of
the Driver-Alert Warning System. The first is the Hughes Ground Systems Group (GSG)
Human Factorg/Artificia Intelligence Laboratory, Fullerton, CA. The second isthe
Hughes Radar Systems Group (RSG) Displa?/ SP/stems Laboratory, Culver City, CA. The
Hughes GSG Lab has been used most recently for the graphic display prototyping of
color screens in support of the TRAVTEK, FAA/Advanced Automation System

FAAIAAS) for air traffic control, Canadian Advanced Automation Traffic Control

stem (CAATYS), Icelandic Air Defense System and General Motors Human Factors

Graphic Interface Development System. The Lab houses two Apple Macintosh |1 color
systems, including a 19-inch full-spectrum color monitor, a HP Vectra IBM-compatible
system, several smaller PC systems, a terminal/modem link to Hughes' Computer Aided
Design and Manufacturing System (CADAM) as well as an eight-color HP Ink-Jet
Plotter. Several design and graphic prototyping software tools are used to create
animated and static displays for preliminary design evaluation prior to full software
development. These preliminary designs are converted into software specifications after
eva uation by engineers and test subjects.

The RSG Lab contains the Hughes Driving Simulator, a wide field-of-view, driver-in-
the-loop, fixed-base automobile simulator, devel oped as an outgrowth of military flight
simulators used for designing cockpit displays and controls. The simulator was
conceived as akey product development tool for automotive Heads-Up Displays (HUD),
Virtual Image Displays, holographs displays, and related driver interface products. The
driver is surrounded by a sensory environment that mimics key subsets of the anticipated
cues experienced while driving an automobile (e.g., visua scene, engine and roadway
sounds). Display information can aso be presented with a reconfigurable HUD and,
when required, on a head-down instrument panel display. A precision responsetime
measurement system, developed by Hughes engineers, is available for tracking driver
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Subsection 5 - Select Driver Alert Warning System

TABLE D.5.2-|. PLAN TO DEAL WITH MAJOR FACTORS IN SELECTION OF

CCLOR PALETTE

Design-Sengitive Factors

Related Plansfor Color Use

Ambient Lighting (Facilitation or
Interference

Color Brightness

Color Naming

Color Constancy

Color Contrast and Control of
Background Hues

Color Stereopsis

Optica Color Transformation

Code Standards

Interaction of ambient lighting with display colors
will be analyzed, simulated and factored into color
specifications

Display colorswill be designed to appear
approximately equally bright for data categories of
equal importance

Color codes will employ hues with commonly
understood names, such as red, green, blue and
yellow (%yan, magenta, amber, etc. will be
avoided during early applications)

Each displayed color will be selected to appear to
be the same hue under all levels of ambient
illumination and drive intensity aswell asin all
planned combinations of adjacent colors and color
presentation sequences

Color contrast will be used as one means of
adjusting data conspicuity and for object
emphasis. Background fields will be designed to
achieve desired color contrast effects

The use of highly saturated red and blue will be
avoided where practicable

Effects of anti-glare coatings, specid filtersand
other transmission media (between face plate and
controller’s retina) will be determined and
accounted for in color specification

Established specifications and proven guidelines
for color coding will be followed where
practicable in assignment of colorswithin the
MMI language
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reaction times to any event in a simulation. The system measures driver reactions to
visual and auditory events in tenths or hundredths of a millisecond. A schematic of the
simulator configuration is shown in Figure D.5.2-1. The Driving Simulator will be used
as a "mockup” to replicate the eventual configuration for in-vehicle testing. Soft
mockups may be used to "size” the Driver-Alert Warning System hardware prior to

installation.

Hughes intends to empirically test selected icon/symbols (tell-tales), for
recognizability/appropriateness, comprehensibility and effectiveness, using monochrome

and color applications. Colors will be selected based on

probable hazard levels defined in

Report No. FHWA/RD-81/124. The selected symbols will be tested individually as well
as when paired with voice messages, tones, and with tones and voice. Primary measures
of effectiveness will be accuracy/correctness of response and timeliness of response

(response time).

The subjects used for laboratory testing will be drawn from Hughes population of
hourly workers and engineers, university students and professors and available General
Motors personnel. This will allow access to a broad range of education, age, and
respondents with varying associations or familiarity with icons/symbols. The subjects
will be apportioned into age groups representative of the groups to be used for final
system testing. That is, young (approximately 16 to 35 years of age), middle aged
(approximately 36 to 65 years of age), and old (over 65 years of age).

The results of the selection and testing of a driver-alert warning system will be
summarized in a report that identifies the procedures followed, sample populations and
measurements used, statistical analyses employed, equipment and software

configurations, and summary conclusions.

Simulation
Host Computer
Data Logging
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Figure D.5.2-1. Hughes Driving Simulator. The Driving Simulator provides the full range of visual
and auditory input capability and can expertly test all of the Driver-Alert Warning System scenarios

needed for the study evaluations.
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1. Fabricating the IVSAWS
RFP Ref: Task F Section L.I.D.

Previoudly tested commer cial off-the-shelf componentswill be used to evaluate the
Driver Alert Warning System.

The demonstration Driver-Alert Warning System (DAWS) hardware design will
consist of selecti nc}; as much commercia off-the-shelf (COTS) hardware as possible. In
addition, the use of as much existing vehicle hardware will be used. Hughes plans on
using one of many test vehicles supplied by their parent company (General Motors
Corporation) for evaluating the IV SAWS concepts devel oped during this study.
Demonstration testing will be implemented using a commercially available portable
personal computer (ch for driving the demonstration hardware/software, COTS low
noise amplifiers (LNAs), receiver, transmitter, spread spectrum modem, voice synthesizer
and color display system. Since the demonstration will be viewed as a concept validation
only, no attempt will be made to reduce demonstration hardware cost.

Hughes currently envisions using a Telesystems Inc. Advanced Radio Local Area
Network (ARLAN) spread spectrum transceiver for the NSAWS demonstration system.
This system was previously purchased by Hughes to support an ongoing vehicle
communications project for GM. The ARLAN spread spectrum system is alow-cost
20-MHz spread spectrum data link that uses a combination of time and code division
multiple access techniques for communicating asynchronous data rates ranging from
300 bpsto 19.2 Kbps. The transceiver is physically smal (2.5” x 4.75" x 10" envelope,
2.2 pounds) with an RS-232C serial user interface. The system includes up and down
convertersto a 915 MHz center frequency. Based on experience with applying ARLAN
to the Chevrolet Racing Team telemetry project, where the ARLAN had limited range,
Hughes will add a power amplifier if needed, to obtain the required range.

The ARLAN transceiver is a packet-based system which allows for full-duplex RS-
232 user interfaces with half-duplex carrier operation. The spectrum spreading
processing gain derived from this transceiver provides additional link margin aswell as
Interference rejection. The antenna system used with ARLAN will be 5/8 x1/4
wavelength omni-directional vertical whip with 3-4 dB gain over isotropic. The antenna
includes a magnetic mount with a 5/8 wavelength top element, 1/4 wavelength bottom
element and center impedance matching/resonator coil. The ARLAN transceiver
includes built-in self-test logic, which checks for proper operation on power turn-on. The
transmit function of the ARLAN system will not be utilized in the test car unless the
results of Task C show that the operation of the IV SAWS baseline can be enhanced by
two-way operation.

Other than a small amount of mechanical design for mounting the subject hardware in
the vehicle per human factors directives, the main design task for the [VSAWS
demonstration consists of generating the necessary software for use in the PC. The PC
software will include several modulesincluding those for down-loading and storing seria
data from the spread spectrum modem, selection and activation of canned messages to be
used by the voice synthesizer card for audible responses, and control of the video display.

[FHWA H-49]



The PC used for the IV SAWS demonstration will be an MS DOS based ruggedized
lap-top PC with a20 Mbyte hard disk. The PC will require an expansion slot for
incorporation of avoice synthesizer card. The lap-top PC will include a conventional
monochrome back-lighted LCD display. This display will not be used for monitoring and
control of the test environment onl ?/ A separate small (4” to 7") commercially available
color monitor will be used to simulate the final 1VSAWS color display system. The color
monitor will beinstalled on the test vehicle dash panel using double backed tape (i.e., no
extensive mounting provisionswill be used).
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1. Generate Test Plans and Procedures
RFP Ref; SOW Task G; Section L.I.D

Testability isdesigned into thelVSAWS Program. In programssimilar to

IVSAWS, it has been proven that a very comprehensive Master Test Plan must be

%enerated that places emphasis on performance and allows the system to be tested at
emodule level as effectively asthe full system demonstration.

~ The test environment must be planned to provide the correct conclusions of pass or
failure anéi proper scenarios must be derived to conserve time and resources during the
test period.

Breadboard testing is performed on all new electrical designs. After the performance
requirements have been met, the prototype is assembled and unit level testing is
performed. The complete transmitter-receiver paired system will then be fabricated and
the propagation tests performed. After final system installation and integration the
System Development Test is completed.

~ Asdepicted in Figure D.7.1-1, the concurrent test planni ngl and feedback plays an
important role in program devel opment. Test engi;neers, working as copartners with the
design engineers, establish procedures to verify the operation of the equipment and
systematically exercise the applicable item under all the identified conditions. Procedures
are established for identifying test objectives, translating these objectivesinto designs for
tests and exercises.

The approach to system development will be empirical: to basically build a
“dravman” (an initial configurati ong) and then use it to see what works and what doesn’t.
Then build a better “ sravmen” (a revised configuration), and ay again.

At each stage of the devel opment, the system must undergo test and evaluation.
While differing in degrees of formality, the test and evaluation cycle flowsin alogical
sequence. |dentification of the issues to be addressed |eads to establishment of the
overall test des gn and the detailed test plan. Thetest isrun, and after the data are
recorded the analysisis performed to see what worked and what didn’t, and the test report
is Brepared. Thistest cycle approach helps to devel op the necessary methodology so that
subsequent iterations can be compared on both relative and absolute scales.

Torun effectivelgl the Test Program must be properly managhed by aMaster Test Plan
(MTP), prepared and monitored jointly by the design team and the test team, which
provides for the selection and scheduling of test objectives.

The Master Test Plan will provide aformal means of directing test activities to ensure
asignificant return for the effon expended in key areas. This time/cost saving approach
ensures that only meaningful tests and exercises are conducted.

Each test/exercise procedure will be designed to ensure that only the proper datais
collected, recorded and analyzed. This design concept will include a method of
correlation acrossindividual test objectives.

Proper use of these desi ?n concepts eliminates the all-too-common problem of
collecting larger amounts of information that is never used or is useless. The MTP will
alow priorities to be assigned to the investigation of test objectives and the development
of the scenarios and exercises, thereby permitting improved use of time and resources.
The MTP will define the scope of each test objective and exercise, and will serve asa
control on the amount of effort expended in test preparation.
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Figure D.7.1-1. Test Planning and Feedback Methodology. Testing and Design are copartners and

will be used as such to ensure system effectiveness.
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2. Radio Propagation Test
RFP Rd: SOW Task G: Section L.I.D

Extensive experience in modeling enables performance trends to be modeled and
verified in field tests.

Hughes has devel oped a set of simulation tools for the evaluation of communications
propag?ation parameters as delineated in Topic D.3.1. Because of the great number of
variablesthat affect the performance of the IVSAWS, aunique set of accurate and yet
flexible parameters will be selected and fine-tuned.

After modeling the candidate operating frequencies will be selected. Radio
propagation tests will then be performed on the candidate transmitter and receiver to
determine the communication performance of the design approach to IVSAWS.

Hughes has recently worked extensively with two major developments requiring
extensive propagation tests. The first testing program involved an array of antennas
mounted in the roof of the test vehicle (1987 Cadillac). The frequency spectrum covered
by this array of antennas was 500 KHz (AM Broadcast) to 2.5 GHz (RDSS Down-Link, a
proposed Mobile Subscriber Communications System).

Extensive link margin tests were performed while the vehicle was turned slowly on a
turntable as the source transmitter outputs were varied and receiver sensitivity was
measured. After extensive testing in this configuration the vehicle was driven on adjacent
freewaysin actual traffic to verify the results of the turntable tests.

The second program involved the Chevrolet Racing Team. These tests were
performed to verify candidate transceiver performance and applicability to the proposed
Chevrolet Race Vehicle Telemetry System. The testing was performed on a vehicle-
mounted ARLAN 130/150 transceiver. These transceivers are direct sequence spread
spectrum radios with a center frequency of 915 MHz. The test objectives included
transmitter power output, receiver sensitivity, optimum packet transmission size, and
ignition noiseinterference.

~ Numeroustests were made by driving the test vehicle to different locations within
line of sight of the test base station and collecting measurements.

For the IV SAWS propagation testing Hughes will use captive tests using a fixed
transmitter site. Receivers will be maneuvered around it in distinctive patterns to collect
receiver sensitivity measurements, with and without interference, to demonstrate the
reliability of the hazard warning concept.

Then the receiver will be mounted in atest vehicle and the transmitter in atest van
and the two vehicles operated on an adjacent mountain highway (Ortega Highway) with
many switchbacks, densefoli%e at intervals, and many steep canyons. Thistest areawill
be ideal for demonstrating the hazard warning system in amyriad of situations. The van
will be positioned at different locationsto act as afixed transmitter Site, though it can aso
act as a slow-moving vehicle (school bus or maintenance vehicle). The test vehicle with
the receiver will then approach the van from various directions and with various antenna
locations , and propagation datawill be collected. The various scenarios should reveal
path-fading receiver discrimination, false alarms and effects of the real environment on
propagation.

These parameters, path-fading in particular, will be compared to the simulation results
and those tests data obtained from the turntable testbed. Attention will be paid to those
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situations where the signal is sufficiently weak or corrupted to cause interruption of the
communications path and thus possibly cause a false alarm. Due to the robustness of the
strawman system relative to interference and noise injection, and the system's high level
of discrimination against corrupted transmissions, false alarm conditions due to corrupted
information should be virtually non-existent.

These tests will exercise the transmitter-receiver pairings at various distances, in
different types of climate, time of day, with or without outside interference in different
types of terrain and foliage. Some of the specific parameters and conditions that will
direct the selections of the test environment are:

Transmitter directivity

Transmitter location

Receiver-transmitter sensitivity

Structures and terrain

Interference such as machinery, power lines, vehicle ignitions systems

Test results will be analyzed for anomalies and deviations from the modeling, then
the test conditions will be modified to enable the testing of those areas that were
uncertain or contaminated during the previous tests.

On completion of these propagation tests, final analysis will be performed and a
summary documented.
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Figure D.7.2-1. Propagation Test Facility. The receiver is mounted in a vehicle, which is then placed on

a2 turntable. The transmitter is moved to various distances from the turntable, with a barrier and noise
generator revolving around the receiver-mounted vehicle. Sensitivity measurements will be taken at
various geometric configurations.
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3. Conduct System Demonstration
RFP Ref: SOW Task G; Section L.I.D

The challenges facing Hughes in the System Demonstration Test are (1) directing
the test fxlow to achieve the objectives of the system test, (2) obtain consistency in
the test parameters, (3) incor porate the results of the previous propagation and
human factors testing. Scenarios will be generated to direct the testing to achieve
these objectives with minimum time and resour ces.

Upon complete design, fabrication, assembly and integration of the transmitter and
receiver systems, the receiver and driver dert equipment will be installed in atest vehicle
and the transmitter will be deployed in atest van. The vehicles again will be dispatched
to the Ortega Highway locale. See Figure D.7.3-1. The hazard warning uansmitter will
be placed at various locations and will be programmed to report specific incidents or
glpe_s of fixed hazards. Various drivers of the test vehicle will then execute different

riving maneuvers over designated routes and respond to different scenarios as the
equipment is operated under actual environmental conditions.

The driving tests will include tests of the following general performance
requirements:

. Ability of the system to operate with natural background interference. _

. Ability of the system to selectively dert drivers only on specific routesand ina
specific treffic direction. _ N

. Ability of the system to operate under various weather conditions.

. Ability to operate with no false alarms.

. Capability of the driver to respond to the alert and warning of the [VSAWS
transmitter in atimely fashion.

The exact requirements for the System Demonsuation Test will be defined in the
Master Test Plan to be developed during the design and fabrication of the equipment. It
Is expected, however, that the test effort will take place during atwo-month period a the
end of the program.

Thetotal test effort will include the conduct of approximately twelve specific
scenarios, which will include various types of hazards, road conditions, environmental.
and geometric situations. The test will demonstrate the reliability of the system to be
selectivein reporting and devoid of false alarms. The duration and amount of testing is
based on the criteria of two successful tests of each type plus the possibility of
rescheduling 25% of the tests because of unexpected difficultiesin their conduct, i.e..
equipment failure, human error.

Hughes has a broad background in field testing of communications systems. The
testing department hasjust completed an extensive field test on the Enhanced Position
L ocation Reporting System (EPLRS), where 100 radios were deployed in the local area
and the network was exercised against various operational scenariosin an actual _
operational environment. Other recent testing programs have involved our Joint Tactical
Information Distribution System Radios (JTIDS) and the Short Term Anti-Jamming
(STAJ) applique to the AN/PRC- 104 HF Radio.
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Figure D.7.3-1. Typical Environment for System Demo. The local highway system provides diverse
spots to exercise the many uses of the IVSAWS system.
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4, Human Factors Participation in Test and Demonstration
RFP Re: SOW Task G: Section L.1.D

Human Factors tests will be structured to accurately measure each sampledriver’s
correctness and speed of responseto visual and/or auditory hazard cues. The
procedures and measurement requirements will be detailed in the Master Test Plan
prior to conducting each test.

Human Factors test and evaluation of the final driver-alert warning systemwill be
conducted after installation hardware and software checkout has been completed. Human
Factors personnel will participate in the installation procedures to assure that displa?/
location is within appropriate viewing distances for the young, middle aged; and old
drivers, that controls are within appropriate reach distances for activation/deactivation,
and are of appropriate size for the type of activation required (single or multiple fingers.
etc.), and that auditory warning signals exceed the ambient noise level by at least 20 dB.

During design and installation Human Factors will also inspect the driver-alert
warning system hardware for maintainability and reliability effectiveness. This includes
such factors as ease of access, commonality of tools, voltage cautions, proper grounding.
parts selection, weight, sharp comers, and skill requirements.

Human Factors personnel will participate in the development of approximately twelve
scenarios used for both equipment and driver testing. To ensure sufficient complexity the
scenarios will cover at aminimum:

. InLanehazard édisabled vehicle, shar_P turn)

. All Lane hazard (congested traffic, railroad crossing)
. Emergency vehicle (police, fire/rescue)

. Bad surface condition (debris, pot-hole)

. Intersection (crossroad, blind entrance)

. Slow vehicle (school bus, postal delivery)

The primary goal of Human Factorstesting is to determine that the selected driver-
aert warning system permits each subject driver to rapidly and correctly respond to each
identified hazard. The Master Test Plan will detail the sample populations to be used. test
schedule, the test measurement apparatus, number of trials, procedures, dataretrieval
methods and statistical analyses to be applied. The dynamic simulation will permit use of
either direct observation and/or closed-circuit TV recording, electronic measurement of
response time and accuracy. Time-of-day will also be atest factor to ensure variable
ambient conditions, including daylight, dusk and night conditions, to evaluate anticipated
and unexpected performance responses, such asthe problems elderly driversexperiences
visual discrimination loss during dawn/dusk conditions. For this reason, sampledrivers
will be visually tested for 20/20 vision (corrected or uncorrected) and color-blindness.
Driverswill aso be checked to ensure that they hold valid operating licenses.

Post test questionnaires will be used to obtain test drivers subjective opinions.
Additional questions will be asked after each trid to determine each drivers' hazard dert
comprehension or degree of confusion. Correct and incorrect driver responses, or
correction of errors, will be tabulated in relation to the scenario depicted driver-alert,
These datawill be reviewed, analyzed and compared to response time data. The results
and conclusions of the Human Factors test and evaluation will bereported in the draft
Final Report. The Human Factors test results will aso contribute to the development of
the functional system specification for the in-vehicle safety and advisory warning system.
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1. System Specifications
FPRef: SOW Task H: SectionL.I.D.

Hughes has extensive experience in generating system level specificationsfor our
military customers. Hughes will use MIL-STD-490 as a guide for the preparation of
the system specification. Because of our experience with this format, it is
anticipated that the preparation of a complete system specification will involve a
minimal amount of effort.

The principal features to be covered in the specification are summarized in Table
D.8.1-1 The specification will delineate the architectural design of the IVSAWS systems
including the three subsystems (e.g., the roadside transmitter, the in-vehicle receiver, and
the driver alert warning system). It will addressthe list of significant hazards, the
messages, waveforms and RF parameters. For each of the subsystems, it will addressthe
functional requirements, the interfaces, the physical requirements including size, weight
and power consum|i)ti on, environmental requirements, and any software/firmware
requirements. It will address the method of testing the system and the method for
verifying that the system meets the specified requirements.

TABLED.8.1-1. ITEMSTO BE SPECIFIED IN THE SY STEM SPECIHCATIONS

Operational Concept
Significant Hazards to be Reported
Operation of thelVSAWS System

Architectura Design
Roadside Transmitter
In-VehicleRecelver
Waveforms and Message Suucture
Driver Alert Warning System

Interfaces
For Each Architectural Element
Electrical
Mechanical
I/0 and Controls

Performance
For Each Architectural Element
Processing
Software/Firmware
|/O Signal Definition

Physical Characteristics
For Each Architectural Element
Size
Weight
Power
Environment
Reliability
cost
Fabrication
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2. Tieln of IVSAWS to Intelligent Vehicle Highway System
RFPRel: SOW Task H: Section L1D

In I'VHS the motorist needs two types of information, vehicle-specific and general, to
provide a complete“traffic picture.” TheVSAWSwould providethe
communication link from a Traffic Management Center to the vehicle.

The architecture suggested in Figure D.8.2-1 illustrates the relationship of IVSAWS
to the Intelligent Vehicle Highway System (IVHS). The IVSAWS provides information
pertinent to the motorist’simmediate route. The Hughes team recognizes that given this
architecture the IVHS infrastructure must support IV SAWS so that thisinformationis
timely. Furthermore, it is expected that the IV SAWS would be expanded to include other
types of motorist information.

The IVSAWS s envisioned to provide dynamic hazard information, such as weather,
incident, and road rgaair activity information in addition to fixed hazard information.
The IVSAWS would be capable of being updated in the field, by the Traffic Management
Center, or by emergency vehicles. Other uses of this communications link would include
services, vehicle location, detour, route guidance, and special events. Although this latter
information would not have the same priority as the hazard information the
_cofmmuni cations would have the capability to grow to include this latter type of
information.

Other types of vehicle control information (e.g., road geometry, capacity, etc.) may be
needed to be transmitted across the |V SAWS communications link to assist the vehicle
for future enhancements such as lane control and automatic chauffeuring.

The IVSAWSIink could eventually be capable of two-way communications.
| nformation the vehicle would send across this link includes mayday, traffic link times.
and special requests (e.g., yellow pages). Thisinformation would be used by the Traffic
Management System to enhance its knowledge about the real-time traffic situation.

Dissemination of general information such as traffic alerts and wide areainformation
will be an important part of the IVHS system. The IVSAWS system would provide the
communication link from a Traffic Management Center to the vehicle. This type of
information will be enhanced because of more complete information from the individual
vehicles. Thisinformation is useful for pre-trip planning, and to enable vehiclesto be
dynamically re-routed around congestion.
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Figure D.8.2-1. Intelligent Vehicle Highway System (IVHS) IVSAWS is an Integrated Part of the
IVHS System and is Used to Provide the Communication Link to the Vehicle

[FHWA H-60]

D-45



Section D - Organization of Workplan
Subsection 8 - System Specification and Final Report

D-46

3. Technical Summary and Final Report
RFP Re:: SOW Tasks | and J; Section L.LD

Hughes will prepare the four-page technical summary in accordance with the two-
column format snown in Attachment 8 of the RFP. Recognizing that this document will
he used to sell succeeding phases within the Federal Highwgf/ Administration, the
Department of Transportation, and possibly to Congressional committees, Hughes will
useitstechnical publications activities to ensure that the technical summary isa
professional, concise summary of the effort.

During the course of the study, Hugheswill use an Engineering Notebook system to
document the results of significant analyses and tradeoffs. These documents will provide
the substance of the input to the find report, and the task of preparing the final report will
be limited to polishing and editing the material in the Engineering Notebook entries.
Hughes will prepare athoroughly documented set of reports as required at the end of
Tasks A, C, and E. These reports will be included in the final report. The final report
will contain the results of the testing phase (Le., Task G) aswell as the reports from Tasks
A, C, and E. Because the System Specification will be alarge stand-alone document, it
will not be included in the final report.
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